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A STUDY OF THE METABOLISM AND PHYS- 
IOLOGICAL EFFECTS OF CERTAIN PHOS: 
PHORUS COMPOUNDS WITH 
MIEGTE COWS: 


Were lORDAN, 2icBs HART anp A.J. PATTEN. 


INTRODUCTION. 


The metabolism and functions of the ash ingredients of cattle 
foods have received relatively little attention from scientific inves- 
tigators up to the present time. This is true even of so important 
an element as phosphorus. So far, investigators have given their 
attention chiefly to studies of the metabolism and functions of 
the compounds included in the three classes, proteids, carbohy- 


brates and fats. There is every reason for believing, however, 


a) 


. 


that some of the elements which appear in plant ash sustain just 
as important practical relations to animal production of various 
kinds as do nitrogen and carbon in their various combinations. 

The purpose of the investigations herein reported has been to 
study some of the nutritive relations and functions.of the phos- 
phorus compounds of cattle foods. The results reached in the 
preliminary stages of this work have already been reported in 
bulletins No’s. 238 and 250 in which certain conclusions as to the 
status of phosphorus in feeding stuffs are set forth. 


PARTIAL REVIEW OF PREVIOUS INVESTIGATIONS. 

In studies of phosphorus metabolism numerous experiments 
with small animals, as dogs, calves, lambs and pigs, have been 
carried on both in this country! and abroad’, either with the pur- 
pose of determining the relative therapeutic values of different 


1Henry. Wis. Agrl. Expt. Sta. Ann.Rpt., 6:3 15. 1889. 
2N. Schenke. Landw. Vers. Stat., 58: 19. 1903. 
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calcium phosphates in the pathological condition known 

ets, or their values in aiding the development of body t’ 

the young animal. The evidence is quite conclusive the 
phosphates are useful in the former case but the data. 

' the latter point are conflicting and it is still an open question 

whether calcium phosphates possess nutritive value when added 

to a ration of normal food materials. : 


Kohler? working with lambs found that calcium and phos- 
phoric acid were most thoroughly assimilated in the form of 
precipitated calcium phosphate, which is a mixture of tri- and di- 
calcium phosphates. Atwater? has shown that the ash constitu- 
ents of beef are largely absorbed from the digestive tract of man. 
Hoppe-Seyler® finds the same to be true of calcium phosphate 
and the several experiments of Gohren®, Lehmann’ and Wildt® 
give similar results with small animals. tie 

The evidence as to the benefits derived from the use of inor-— 
ganic phosphates when fed to sound animals is contradictory. 
Cohn® reports observations on the addition of calcium phosphate 
to the food of calves and pigs where no apparent influence was 
exerted, while a marked benefit was observed in experiments with 
two to three-year-old horses. Hofmeister? failed to receive bene- 
ficial returns from the use of precipitated calcium phosphate with 
three-months’ old lambs. Heiden!® observed an increased weight 
and a general beneficial influence from the addition of 25 grams 
of calcium phosphate to the daily food of weak pigs, but when 
stronger animals were used no influence was evident. 

Hess and Schaffer" report that when 50 grams of calcium phos- 
phate was added to the daily food of four cows the milk contained 
an increased proportion of that compound. The experiment 


3Ztschr. Untersuch. Nahr. u. Genussmtl., 8: 683. 1904. 
4Ztschr. Biol., 24: 16. 1888. 

5Med. Chem. Untersuch., Heft 2. 

6Landw. Vers. Stat., 3: 161. 1861. 

7Jahresber. Agr. Chem., 16, Bd. 2: 183, 1876. 

8Jour. Landw., 223 1. 1874. 

°Landw.: Vers; Stat:, 13873.-p:- 128. 

10Jahrsber. Agr. Chem., 16, Bd. 2: 62. 1876. 

llLandw. Jahrb. Schweiz, 5: 76. 1891. 
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calcium phosphates in the pathological condition known as rick- 
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phosphates are useful in the former case but the data covering 
the latter point are conflicting and it is still an open question 
whether calcium phosphates possess nutritive value when added 
to a ration of normal food materials. 


Kohler? working with lambs found that calcium and phos- 
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ficial returns from the use of precipitated calcium phosphate with 
three-months’ old lambs. Heiden!® observed an increased weight 
and a general beneficial influence from the addition of 25 grams 
of calcium phosphate to the daily food of weak pigs, but when 
stronger animals were used no influence was evident. 


Hess and Schaffer" report that when 50 grams of calcium phos- 
phate was added to the daily food of four cows the milk contained 
an increased proportion of that compound. The experiment 


38Ztschr. Untersuch. Nahr. u. Genussmtl., 8: 683. 1904. 
4Ztschr. Biol., 24: 16. 1888. 

5Med. Chem. Untersuch., Heft 2. 

6Landw. Vers. Stat., 3: 161. 1861. 
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9Landw. Vers. Stat., 1873. p. 123. 

10Jahrsber. Agr. Chem., 16, Bd. 2: 62. 1876. 

llLandw. Jahrb. Schweiz, 5: 76.1891. — 
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station at Mockern!* reports most beneficial results from the use 
of 30-50 grams of calcium phosphate in the daily rations of 
steers which had shown marked brittleness of their bones, caused 
by administering a ration poor in phosphorus. H. Joulie!® reports 
experiments on the use of phosphoric acid for herbivora which 
led to the conclusion that such an addition was beneficial. H. 
D’Auchald!4 found an increased weight of the skeleton of chickens _ 
which were fed a ration containing 4 grams of added bone when © 
compared with those not receiving this addition, and Wheeler! 
has observed that the addition of bone ash improves most grain 
rations as food for young chicks. 

Kohler!® has lately compared the assimilability of different 
forms of calcium phosphate by lambs and has given to. di-calcium 
phosphate a value four times greater than that of bone ash. H. 
Labbe!’ in his own work mentions the faulty assimilation of inor- 
ganic phosphorus compounds and obtained much more favorable 
results with such organic forms as nucleins and lecithins. Des- 
grez and Zaky!® have also experimented with the lecithins and 
nucleins on guinea pigs, and marked gains in weight were noted 
when these substances were fed. Gilbert and Fournier’? worked 
with young dogs with similar results. Springer?? lays great 
stress on the nutritive and stimulating value of the lecithins 
found in cereals. It is probable that the conclusions drawn by 
Springer cannot all be attributed to lecithins as other phosphorus 
compounds were present in the materials he used in his experi- 
ments. 

Another phase of the problem that has received attention is 
whether or not mineral phosphates can be utilized in the forma- 
tion of such organic phosphorus structures as the nucleins. These 
latter bodies and the more complex nucleo-proteids are widely 


12Landw. Vers. Stat., 57: 239, 1902. 

13Rey. Agr. Reunion, 10: 1904. 

14Jour. Agr. Prat., n. ser. 7, 1904. 

I5N. Y. Agr. Expt. Sta., Bul. 242. 

16Ztschr. Untersuch. Nahr. u. Genussmtl., 8: 683, 1904. 
17British Med. Jour., No. 2267, 1904. 

18Compt. Rend. Soc. Biol., (Paris), 57. 1904. 

19Tdem, 53: 145. 1900. 

20[,’ Energie de Croissance. 


6 


distributed in blood and tissues and the source of their phosphorus 
is a question of importance. Rohman?! and his pupils have con- 
cluded that the animal organism has not the power to synthesize 
organic phosphorus combinations from phosphorus-free proteids 
and mineral phosphates, while Keller? and Ehrstrom?® have 
deduced quite contrary conclusions from their own observations 
and have given to the inorganic phosphates a r6le in phosphorus 
metabolism. 

Buchmann*! in experiments with convalescent patients in which 
egg-yolk with and without-added lecithin and edestin formed a 
part of the diet, concluded that lecithin must be regarded as very 
important in inducing gains of tissues containing phosphorus. 
Since lecithin was so superior to edestin when the latter was com- 
bined with inorganic phosphates in the experiments reported, it 
seemed to the authors that inorganic phosphorus was all excreted. 

Buchmann, Ehrstroém2> and Siven?® have come to the conclu- 
sion that a definite relationship between N and P2 Os excretion 
does not exist, as had been claimed, a relationship according to 
Hammarsten of 8.1 : 1.0, but that a nitrogen loss accompanied 
by a phosphorus storage can occur. Meyer?’ has confirmed the 
work of Ehrstr6m and Chronheim and Miller?’ in that increased 
phosphorus in the food increases the phosphorus retained in the 
body and that the body can for a long period either gain or 
lose large quantities of phosphorus. 

Herter”? has made the interesting observation that when he fed 
young animals separated milk, practically free from fat, the 
absorption of phosphoric acid by them was for some reason or 
other much interfered with. 

No attempt has been made here to give a complete bibliography 
of the subject of phosphorus metabolism but only references 


21Berliner Klinische Wochenschrift, 1898. 
22Archiv. fur Kinderheilkunde, 1900. 
23Skandinavische Arch. fur Physiologie, Bd. 14. 
24Zeit. fur diat. und phys. Therapie, 8. 

25Loc. Cit. 


26Cit. by Ehrstrom. 

27Zeit. fur Physiol. Chemie, 43: 1. 1904. 
8Zeit. fur diat. and phys.Therapie. 6: 1902. 
29Jour. Experimental Med., 3: 293. 1898. 
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enough to show that in several phases the work is still inconclus- 
ive and contradictory and demands further investigation. 


THE’ PROBLEMS STUDIED: 


Our own problem, as first conceived, was the narrow one of 
the food compounds used by the animal for the formation of the 
phosphorus-bearing proteids such as are found in flesh, milk and 
eggs. It was thought, if nucleo-proteid synthesis does not occur 
in the animal body, that in the case of cows and hens where 
phosphorus-bearing proteids are formed in great abundance in the 
milk and eggs, the kind and quantity of phosphorus compounds 
in the ration might have an important influence upon production. 
As it was believed that cattle and poultry foods probably con- 
tained both inorganic: and organic phosphorus bodies in greatly 
varying relative and absolute quantities, it was supposed that 
rations might be selected which would show markedly different 
effects upon the secretion of phosphorus-bearing proteids and 
therefore upon production with cows and hens, milk and eggs 
being rich in these bodies. 

Our views of the conditions attending our proposed investiga- 
tion were much modified by an examination into. the nature of 
the phosphorus compounds of the various grains and their by-pro- 
ducts. In Bulletin No. 238 of this Station®® it was first shown, 
and later confirmed by Schu!ze and Castoro*!, that in normally 
grown, non-etiolated plants the phosphorus exists in the seeds 
wholly in organic combinations, while in the straw a small pro- 
portion occurs in inorganic forms. It was also shown in a later 
bulletin®? that wheat bran, the outer layer of the wheat kernel 
and rich in phosphorus, contains practically all of this element in 
an organic combination of an entirely different nature from either 
the nucleins or lecithins. 


30N. Y. Agr. Expt. Stat. Bul. 238, 1903, and Amer. Chem. Jour., 30: 
470. 1903. 

31Zeit. Physiol. Chem., 41: 477. 1904. 

382N. Y. Agr. Expt. Stat. Bul. 250, 1904, and Amer. Chem. Jour., 31: 
564, 1904. 
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This bran body is an organic acid radical coupled with calcium, © 
magnesium and potassium and is probably identical with the com- 
pound Posternak** isolated from other plant tissues and to which > 
he gave the name of phytin®4. Phytin is widely distributed in — 
nature and has been found in the seeds of red fir, pumpkin, peas, 
beans, white .and yellow lupines, potatoes and wheat. 

It can be completely or nearly removed from wheat bran by 
mere washing with water, but more easily by allowing the bran 
to undergo a slight acid fermentation followed by leaching with 
water. It is this fact that allowed us to prepare a ration very 
low in its phosphorus content. 


GENERAL PLAN OF THE INVESTIGATION. 


Our studies for the past two years have been conducted with 
milch cows and in connection with observations that are to fol- 
low have been arranged in accordance with the following general . 
plan. . , 

1. Feeding to the same animal during short or long periods 
of time rations differing greatly in the amount of phosphorus 
which they supply, this variation in phosphorus content to be 
brought about, as far as possible, by selection of the components 
of the ration, but the differences in the quantity of ingested phos- 
phorus to be intensified both by special treatment of the ration 
and by adding to it particular phosphorus-bearing bodies, the: 
effect of which it is desired to study. 

2. Modification of the phosphorus content of the ration by 
variations as far as possible in the amount present of a particular 
phosphorus-bearing body. 

3. The changes from a high, to a low, phosphorus ration to be 
both abrupt and gradual. 

4. The maintenance of the rations on the same nutritive plane, 
excepting in the variations of the phosphorus content. 

5. The feeding of weighed and carefully sampled rations and 


33Rev. Generale de Botanique, 124: 5, 1900. 
34Schweiz. Wochenschr. Phar., 42: 1904. 
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the collection and weighing of the excreta and product, to be - 
accompanied by such chemical determinations as are essential to 
the solution of the problem in hand. ‘ 

It was expected that this plan of work would furnish data on 
the following points. 

1. The amounts and kinds of phosphorus-bearing bodies in 
certain cattle foods. (Already published). 

2. The transformations and distribution of phosphorus-bear- 
ing bodies brought about by the metabolic changes in the animal. 

3. The influence of the supply of phosphorus compounds, 
both in kind and in quantity, upon the physiological status of the 
animal and upon the composition and yield of product, whether 
milk or otherwise. 


EXPERIMENT I. 


This was a comparison of the effect of rations differing greatly 
in their phosphorus content, especially in phytin phosphorus. 


THE EXPERIMENTAL ANIMAL. 

The animal (Cow 1) selected for use in our first experiment 
was a vigorous grade Holstein. When the experiment began she 
was in fair flesh and about three months advanced in the period 
of lactation. She possessed a vigorous appetite, a characteristic 
which we regarded as essential to the entire consumption of the 
ration containing the washed bran because of its probable lack 
of palatableness. It is a matter for congratulation that the 
regular consumption of the rations was accomplished with a very 
satisfactory degree of success. 


. THE MANAGEMENT OF THE EXPERIMENT. 

The animal under observation stood by herself in a warmed 
room especially arranged for experimental work. She was fed 
from a metal-lined box which allowed the attendant to recover 
all uneaten food. The daily ration was given in three equal 
portions, morning, noon and night. Water was offered at stated 
times and the animal was weighed at the, same hour each day. 
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Two men were employed for the collection of the excreta, one 
during the night and the other during the day. The excreta were 
caught in tin vessels, the one used for the urine being so con- 
structed as to prevent loss by spattering. There was a loss of 
urine in but a single instance and that was small. The weights 
of urine and feces recorded represent that which was voided dur- 
ing twenty-four hours, from 6 o’clock a. m. The animal was 
milked four times a day at as nearly uniform time as practicable, 
viz. 7 a. m., noon, 5 p. m., and midnight. 


THE RATIONS. 

The first matter requiring attention in the experiment was the 
selection or preparation of foods containing small amounts of 
phosphorus. It was found that rice, wheat gluten and oat straw 
were as low in phosphorus as any feeds that could be selected and 
these, combined with the washéd wheat bran, constituted the 
ration low in phosphorus. : 

The extraction of phytin from the wheat bran was easily 
accomplished. The bran was allowed to soak over night in warm 
water, a slight acid fermentation being induced. When the 
water showed a slight acidity to litmus, the bran was placed in 
sacks and thoroughly leached with more water. After being air- 
dried it was ready for use. | 

The high phosphorus ration was made up from oat straw, 
hominy, whole wheat bran and wheat gluten. Through the use 
of the wheat gluten which contained from 70 to 75 per ct. of pro- 
tein, it was easy to regulate the protein supply so as to make it 
fairly uniform in the two rations. 


METHOD OF SAMPLING AND ANALYSIS. 

The rations were weighed out at several different times dusting 
the course of the experiment and each time this was done sam- 
ples were taken of the various feeds. The similarity in composi- 
tion of these several portions indicates that the mixing and 
sampling were thoroughly accomplished. The milk, urine and 
feces were taken digectly to the laboratory and immediately 
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weighed and sampled, excepting that the noon and night’s milk 
was kept in an icebox until morning when the product for an 
entire day was thoroughly mixed together and sampled. Reserve 
samples of milk and urine were always kept, fermentative changes 
in these being prevented by the use of formaldehyde and toluol. 
~The feces were thoroughly mixed by prolonged stirring and five 
pound samples of the fresh material were taken for drying and 
for nitrogen determinations. These samples were dried over 
steam coils at a temperature not exceeding 60° C. 

In general the analytical methods of the A. O. A. C. were fol- 
lowed. During some of the time the fat in the milk was estimated 
both by the Babcock and ether extraction methods. Neumann’s 
method was used in all the total phosphorus determinations. For 
the separation of inorganic from organic phosphorus the method 
described in Bulletin No. 238 of this Station was employed. This 
method also gave an opportunity to estimate what we have called 
“fixed” phosphorus and which probably quite closely represents 
the phosphorus of the true nucleo-proteids and nucleins. In the 
urine only total phosphorus was determined, as attempts to separ- 
ate inorganic from organic forms, even if the latter existed in 
appreciable quantities, were futile. 


THE CHARACTER AND SEQUENCE OF THE RATIONS IN THE PHYTIN 
EXPERIMENT. | 

This experiment, which was begun in February, 1904, was 
based chiefly on variations in the phytin content of the rations and 
was finally executed in general accordance with the following 
scheme : 

Ration 1.—A low phosphorus ration was fed from noon March 
8 to the morning of March 17. The animal had been slowly 
brought to this ration by preliminary feeding for 9 days previous 
to March 8. 

Transition period.—A gradual change from a low phosphorus 
ration to one high in phosphorus, occupying from noon March 
17 to the morning of April 5. During this period the washed 
bran was decreased one-half pound daily, the same amount of 
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the whole bran being substituted. The rice was decreased by 
about one-third of a pound per day and the hominy feed increased 
one-fourth of a pound. The wheat gluten was decreased 12 
grams or about one-fortieth of a pound daily. 

Ration 2.—The high phosphorus ration was fed from noon 
April 5 to the morning of April 19. This ration differed from 
Ration 1 in that its content of phytin phosphorus was approxi- 
mately twenty times as large. 

Ration 1.—Sudden change from a high phosphorus ration to 
one low in phosphorus, the latter being fed from noon April 19 
to the morning of May 2. This ration was eaten satisfactorily 
until the morning of April 24 when it was refused. The animal 
became seriously constipated and as impaction was feared, one- 
half pound of Epsom salts was administered with negative results. 
On April 25, one and one-fourth pounds of Epsom salts was 
given and the ration withheld at noon. This produced the desired 
result and the animal began to eat again on the 26th, only part of 
the ration being given. The amount fed was increased until on 
the 28th of April the cow was receiving her full ration (Ration 
I) and appeared perfectly normal. 

Ration 2.—Sudden change from the low phosphorus ration to 
the one high in phosphorus. Ration 2 fed from noon May 2 to 
the morning of May 15. : edad 

Transition period.—From noon May 15 to noon May 20. Dur- 
ing this period the unwashed bran was decreased 2 pounds daily 
and the washed bran substituted by the same amount. The hominy 
feed was decreased I pound daily and the rice increased 1% 
pounds daily. The wheat gluten was increased about 1-5 pound 
daily. Marked dryness of the feces accompanied this transition 
but the animal continued to consume all the ration. 

Ration 1.—The low phosphorus ration was fed from noon May 
20 to the morning of June 17. 

Ration 2—Sudden change from a low phosphorus, to a high 
phosphorus, ration, the latter being fed from noon June 17 to the 
morning of June 24. | 

This experiment covered 108 days. The collection and analy- 
sis of the urine and feces covered 71 days, this being done con- 
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tinuously during 54 days. A complete analysis of the milk was 
made daily. : 
NUMERICAL RESULTS OF THE EXPERIMENT. 

Extensive data were necessarily recorded in an experiment 
involving such numerous weighings and analyses during a period 
of over three months. The figures herewith presented are con- 
fined to those which are essential to a critical analysis of our 
conclusions. 

The tables are made up either of daily records or of averages 
for certain periods and cover those times when it was believed 
that the animal had adjusted herself to the ration being fed. In 
some cases the effects of the transition periods are shown. ‘The 
tables that follow are arranged under the following heads: 

Table 1 —The rations fed. | 4 

Table. 2——The composition of the feeding stuffs used. 

Table 3.—Quantities and percentages of digestible nitrogen 
and dry matter fed. 

Table 4 —Percentage composition of the milk with both high 
and low phosphorus ingestion, including a trans- 
ition period. 

Table 5.—Percentages of various forms of phosphorus in 
milk. 

Table 6 —Total phosphorus, balances. 

Table 7.—Distribution and balances of nucleo-proteid phos- 
phorus. 

Table 8.—Distribution and balances of soluble organic phos- 
phorus compounds. 

Table 9.—Distribution and balances of inorganic phosphorus 
compounds. 

Table 10.—Relation between nitrogen and phosphorus excre- 
tion. * 

Table 11.—Effects of the ingestion of phosphorus compounds 
upon the composition of the milk, shown by 
periods. 

Table 12.—Effects of the ingestion of phosphorus compounds 
upon the yield of milk and milk solids and upon 
the excretion of urine. 
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TABLE I.—THE RaATiIons FED. 


2 ee 


Ingredients. yee, Ingredients. ma a 

Oat straw - - 10 lbs. Oat straw - - 10 lbs. 
Washed bran : lOve? Whole bran . 1G 
Rice - - - oe Hominy - - - Bete 
Wheat gluten” - 13%? Wheat gluten - Lig 

‘Total = 27% lbs. FT otaleise 26 Ibs. 


TaBLE II.—THE COMPOSITION OF 


THE FEEDING STUFFS USED. 


i; | Phosphorus. 
ap Feeds. Water. Protein. Fat. ————_—— 
, Total. |Soluble|Inorganic 
Per ct. Per ct, Per ct. |Per ct.| Per ct.| Per ct. 
1 | Oat straw 18.29 2.34 1.87 6151+ 2082 .058 
7 | Wheat gluten rere! tock 1.39 «201° [086 .00 
3). Eece 14.05 8.37 oO: 2076.3 0 00 
8 | Washed bran 7.23 11.19 4.07 .099 | .013 .O0 
2 | Whole bran iis Be 14.50 4.42 1:32 .98 .0O 
38 | Hominy 14.41 9.25 5.81 457 | 227 .00 


TaBLE III.—QuanNTITIES AND PERCENTAGES OF DIGESTIBLE NITROGEN 
AND Dry MartTTeErR FED. 


‘Nitrogen daily. 


Dry matter daily. 


Total 
Date. phos- 

a Fed. | In feces. |Digested.) Fed. | In feces.|} Digested 

Grms. | Grms. | Grms. | Per ct.| Grms. | Grms, | Per ct. 
March 10-16 12.8 8908 2872 67.7 178 52 71.6 
April 12-18 78.7 10039 3782 62:3 210 59 Clee 
April 28-May 1| 16.0 10863 447] 58.8 215 79 63.3 
May 9-15 83.3 10214 3993 61.0 215 64 10 
May 22-26 21.4 11335 4018 64.5 216 70 67.4 
June 10-16 15.1 11354 4537 §0.0 224 82 63.3 
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TaBLE VI.—Totat PuHospHorus BALANCES. | 


Date. 


March 10-16 
April 12-18 
April 28-May 1 
May 9-15 - 
May 22-26 

June 18-24 


Fed daily. 


Grms, 
12.8 
78.7 
16.0 
83.3 
21.4 
aed 


Daily income and outgo of phosphorus. 


Total outgo.| 


Grms. 


22.7 
70.6 
23.8 
70.4 
yea 
20.5 


In feces, 


In milk. 


In urine. 


ee ee SSS ee ee, 


TABLE VII.—DISTRIBUTION AND BALANCES OF NucLEO-PROTEID PHoOs- 


oe 
Date. Paos- 
I Total 

grantees te ti coutgons (eee 

Gris. Grmsa, Grins, Grms. 
March 10-16 12.8 7.6 6.6 3.9 
April 12-18 78.7 Ot 4 9.5 HG 
April 28-May 1} 16.0 9.0 8.7 6.9 
May 9-15 83.3 28.6 eo Bis 
May 22-25 21.4 14.2 rea 5.2 
June 18-24 15.1 Td (ie. ae 5 


PHORUS. 


Daily income and outgo of fixed phosphorus. 


In milk. 


Grms, 


In urine. 


TABLE VIII.—DISTRIBUTION AND BALANCES OF SOLUBLE ORGANIC PHOS- 
PHORUS COMPOUNDS. 


Date. 


March 10-16 
April 12-18 
April 28-May 1 
May 9-15 
May 22-26 
June 18-24 


Tatal 

Tega ak | 

rus 

feadaily: Fed. ane | In feces. 
Grms. Grms, Grms, Grms. 
12:8 2.0 2.0 1.8 
78.7 5 baa | 4.1 3.9 
16.0 4.3 2.0 1.4 
83.3 eye 6.2 eds be3: 
21.4 37% sepe Ki 
15.1 4.1 1.6 .98 


In milk. 


Daily income and outgo of soluble organic phosphorus: 


In urine. 


Grins. 
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TABLE IX.—DISTRIBUTION AND BALANCES OF INORGANIC PHOSPHORUS 
CoMPOUNDS. 


Total Daily income and outgo of inorganic phosphorus. 


Date. phos- 
en Fed. Total | In feces. | In milk. | In urine. 
aily. outgo. 

Grms, Grms. Grms. Grms. Grms,. Grms. 
March 10-16 12.8 2.63 14.2 2.8 11.3 .10 
April 12-18 78.7 2.6 56.6 44,1 8.6 3.9 
April 28-May 1} 16.0 2.6 13.1 4.9 7.9 a7 
May 9-15 83.3 2.6 57.2 | 45.6 6.7 de 
May 22-26 21.4 3.5 12.7 2.6 10.9 oid 
June 18-24 15.1 8.4 Cl NO 3.2 8.6 12 


— 


TABLE X.—RELATION BETWEEN NITROGEN AND PHOSPHORUS OUTGO. 


ee ey Nitrogen. Daily income and outgo of phosphorus. ° 
en Fed | Outgo| peq. |Soluble| OTnichtxcretea!” Soluble! 7°, 15 
: daily. | daily. TS * fed. c d. excreted ee asks 

Grms.|Grms.'|Grms.|Grms.|Grms.| Grms,. | Grms. | Grms. 

March 10-16 178 190 | 12.8 | 5.18 | 2.6 22.7 16.2 14.2 
April 12-18 209 | 205 | 78.7 |53.7 2.6 70.6 60.8 | 56.7 
April 28-May1}| 215 215 | 16.0 | 6.9 2.6 23.8 15.2 13.1 
May 9-15 215 208 | 83.3 |54.7 2.6 70.4 62.9 57.1 
May 22-26 216 | 200 | 21.4 | 7.27 | 3.5 22.7 14.9 12.7 


* The soluble includes the inorganic. 


TABLE X].—EFFECTS OF THE INGESTION OF PHOSPHORUS COMPOUNDS 
UPON THE COMPOSITION OF THE MILK, SHOWN BY PERIOD. 


Total In the milk. 
Date. phos- 
ea: Proteids. | Casein. Fat. Sugar. Solids. 
Grms,. |. Per ct. Per cts \> Pericte 3) Berea | er We 
March 10-16 12.8 2.52 2.08 3.26 509-. Tae 
April 12-18 78.7 2.55 2.42 3.11 5.62 11.28 
April 28-May 1 16.0 2.58 2.16 2.50 5.65 10.78 
May 9-15 83:5 2.61 rae Bs S04 5.65 11.65 
May 22-26 21.4 2.64 218 2.20 5.95 10.80 


June 10-16 15.1 2.77 2.31 2.93 5.64 11.30 
June 18-24 80.7 2.73 2.31. 3.27 5.48 11.47 
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TABLE XII.—EFFECTS OF THE INGESTION OF PHOSPHORUS COMPOUNDS UPON 
THE YIELD OF MILK AND MiILk SOLIDS AND UPON THE EXCRETION 


OF URINE. 
T l Daily yield milk solids. : ? 
Deke phos |Yiela_ miki; —————,——— |_ Weld 
: phorus; daily. Casein Fat. Solids. urine. 
fed. nitrogen. 

Gris. Gras. Gras. Grus. Grms. Grms. 
March 10-16 12.8 16335 53sk 531 1856 4974 
April 12-18 78.7 12813 42.8 400 1454 10555 
April 28-May 1 16.0 12027 40.8 306 1296 9560 
May 9-15 te 11018 Siw 268 1276 12723 
May 22-26 21.4 13833 47.4 305. - 1495 10147 

June 10-16 12 1: 12043 43.6 350 1359 

June 18-24 80.7 10428 Sire | 341 1204 


DISCUSSION OF RESULTS OF EXPERIMENT I. 


The following is a somewhat concise statement of the main 
results of the foregoing experiment, a fuller discussion being 
reserved until after a consideration of the outcome of further 
experiments. 


1. The comparative nutritive value of the rations.—It is shown 
by the figures of Table 3 that outside of the changes brought 
about by washing the bran there was nothing in the kind, quanti- 
ties, or variations in‘the nutrients fed that could account for the 
different effect of the two rations. The digestible dry matter 
consumed varied from 13.3 pounds to 16.1 pounds daily, of which 
from 2.6 pounds to 2.9 pounds consisted of digestible protein. 
In no period was the ration so scanty as to produce abnormal 
results and the changes in the quantity of digestible dry matter 
and protein eaten did not especially favor either ration. 


2. The amounts and forms of ingested phosphorus in the two 
rations—The amounts of phosphorus ingested in the several 
periods varied greatly, ranging from 12.8 grams to 21.4 grams 
daily in the low phosphorus period, the daily quantities in the 
‘three high phosphorus periods being 78.7 grams, 83.3 grams and 
80.7 grams. These differences were brought about chiefly by 
removing the phytin from the bran, 62 per ct. to 65 per ct. of the 
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phosphorus supply in ration No. 2, or from 51 to 52 grams daily, 
being carried in this compound. The daily amount of fixed phos- ~ 
phorus in ration 2 varied from 24.4 to 28.6 grams or from 31 
per ct. to 34 per ct. of the whole. The quantity of proteid phos- 
phorus in this ration was two or three times greater than that 
of ration 1, because of the fact that the unwashed bran and hominy 
feed contained much more phosphorus in insoluble forms than 
did the washed bran and rice. The amount of inorganic phos- 
phorus fed, which was found entirely in the straw, was very small 
and was uniform in quantity. It 1s clear, therefore, that in study- 
ing the comparative effect of these two rations as far as phos- 
phorus compounds are concerned, our attention should be fixed 
mainly upon phytin and what we have designated as the fixed 
phosphorus compounds or what doubtless approximate very 
closely to the nucleo-proteids and nucleins. (See Tables 6 and 7.) 


3. The relation in amounts and forms of the ingested and the 
excreted phosphorus.—Vhe amount of outgoing phosphorus fol- 
lowed in a general way the quantity ingested, but within narrower 
limits. It is interesting to note that the animal excreted consider- 
_ably more phosphorus than she received during the time that the 
washed bran ration was being fed. The fact is worthy of record 
that she was maintained in an apparently healthy condition on a 
ration which supplied 21.2 grams of phosphorus daily from May 
20 to May 26, and only 15.6 grams daily from May 26 to June 
16, and at the end of the 27 days she was found to be losing an 
average of 26 grams per day. 


On the other hand, when the supply of phosphorus was liberal 
(Ration 2) there was a storage of that element in the body of 
the cow, amounting in one period to an average of 8 grams daily, 
while in another the average was 13 grams. 


The proportionate distribution of the outgoing phosphorus 
among its various compounds was quite unlike what was found 
in the food. Through catabolic changes all, or nearly all, the 
phosphorus of the phytin and of the unused digested proteids . 
was reduced to inorganic forms which were excreted. The varia- 
tions in the quantities of the outgoing phosphorus in the several 
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periods were found, therefore, to consist almost wholly of changes 
in the proportions of inorganic salts of this element in the egesta. 
The data furnish no evidence that any synthesis of the phosphorus- 
bearing proteids occurred. The quantities of these latter bodies 
in the milk and egesta appear in no case to be materially greater 
than the food supply. (See Tables 6-9.) 


4. Distribution of outgoing phosphorus compounds tn the milk 
and egesta.—Variations in the amount-of outgoing phosphorus, 
corresponding to the rise and fall of phosphorus compounds in 
the rations, took place chiefly in the feces, though to a small 
extent in the urine. Moreover, as previously indicated, this 
increase or decrease in the phosphorus bodies of the egesta was 
found to occur almost wholly with the inorganic salts. The per- 
centage of these salts in the milk suffered no appreciable change. 
The proportions of organic phosphorus bodies remained fairly 
constant in the milk and egesta in spite of marked changes in 
the quantities of the ingested phosphorus compounds. It is 
especially noteworthy that the secretion of casein, the character- 
istic nucleo-proteid of milk, seemed to be in no way affected by 
the food supply of similar bodies or by variations in the phos- 
phorus supply in other forms of combination, even when there 
was a phosphorus deficiency during a long period. (See Tables 
6-9.) 

5. Physiological etfects due to variations in the phosphorus 
bodies of the two rations.—No evidence appears that the increase 
or decrease of the phosphorus compounds in the ration influenced 
either the digestibility of the total dry matter or of the nitrogen 
compounds, neither was the storage or excretion of nitrogen 
apparently affected. No relation was found to exist between the 
nitrogen and phosphorus balances. Certain well defined and 
marked effects were observed, however. (See Tables 3 and Io.) 


In our attempts at transition from one ration to the other we 
soon learned that it was not possible to change the cow suddenly 
from a ration rich in phytin to one low in this compound and keep 
the animal in normal health. Such a change caused her to become 
seriously constipated and recourse to a purgative was necessary. 
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When the change from the unwashed bran to the washed bran 
ration was made slowly the animal gave no evidence of serious 
disturbance of. health and appetite but the feces always became 
much darker in color and much dryer. 

The removal of the phytin from the bran had the effect of 
materially diminishing the volume of urine. Marked changes in~ 
the amount and character of the milk secreted were also observed. 
The transition from the high-phytin, to the low-phytin, ration 
caused an increase in the volume of milk accompanied by very 
large decrease in its percentage of fat. As shown in Table 4, 
the maximum decrease in fat amounted to 1.4 per ct. and kept 
pace with the withdrawal of phytin from the ration. The total 
solids decreased about .8 per ct. Table 4 also shows that the max- 
imum decrease in the percentage of fat was not permanently main- 
tained but that even during the feeding of the low phosphorus 
ration there was a slow restoration of the proportion of fat, 
although the percentage did not rise to as high a point as was 
found during the feeding of the high phytin ration. (See Tables 
4, II and 12.) | 

6. Influence of the two rations upon production.—Although 
the increase in milk flow tended to counteract the decreased per- 
centage of fat, nevertheless the total fat production in a given 
length of time was considerably lessened by the substitution of 
washed bran for the unwashed. Similar results did not obtain 
with the total solids and casein. (See Table 12.) | 

7. Odcestrum period.—It is a very suggestive fact that the 
oestrum appeared with this animal for the last time on June 12, 
a disturbance which followed a long continued feeding of the 
washed bran ration. Whether the cessation of this period was in 
any way connected with the removal of the phosphorus and its 
_ associated elements from the bran can be at present only a matter 
of theory. | 
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EXPERIMENT Il. 

This was a comparison of rations carrying varying quantities 
of nucleo-phosphorus, with minor differences in their phytin 
content. 

In the winter of 1904-1905, another experiment was carried on 
in continuation of the work described on the foregoing pages. 
As stated, our original plan involved mainly a study of the influ- 
ence on milk secretion of rations rich and poor in nucleo-phos- 
phorus. This second experiment was planned, therefore, with 
especial reference to this phase of our general investigation. Its 
general procedure was very similar to that followed in the first 
experiment, viz. the feeding of two rations in *different periods 
which differed in an emphatic way in their content of a particular 
class of phosphorus-bearing bodies. In this instance the varia- 
tion was made with those phosphorus compounds insoluble in 
dilute hydrochloric acid, consisting mainly of the nucleo-proteids 
and nuclein. 


THE EXPERIMENTAL ANIMAL. 

This animal (Cow 2) was a vigorous grade Holstein weighing 
966 pounds, that was in good condition when placed inthe exper- 
iment and was from one to two months advanced in the period of 
lactation. She manifested a vigorous appetite throughout the 
entire experiment and consumed daily all the food offered. Her 
health remained apparently unimpaired by the food and treat- 
ment which she received. 3 


MANAGEMENT OF THE EXPERIMENT. 


The details as to the place where the experiment was con- 
ducted, the collection of milk and excreta, the sampling and 
analyses of the foods and excreta and the feeding of the rations, 
were in all respects quite like those of the first experiment. 
The fat in the milk was estimated by both the Babcock and 
the ether-extraction methods. The results by these two methods 
agreed so closely that the figures obtained by the Babcock method 
are the ones used. | 
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THE RATIONS. 


Variations in the supply of nucleo-phosphorus in the rations 
were accomplished in the following manner: A basal ration was 
compounded consisting of rice, washed bran and oat straw. 
To this was added germ oil meal in order to increase the 
supply of nucleo-phosphorus. This meal was found to be 
especially rich in forms of phosphorus insoluble in dilute 
hydrochloric acid. An estimation of the purin bases, after 
cleavage with dilute hydrochloric acid, showed this material to 
be rich in nucleins, assuming, of course, that these bases can 
only originate from nucleo structures, The ration poor in 
nucleo-phosphorus was compounded by withdrawing the germ 
oil meal and substituting for it wheat gluten and rice meal. 
It was expected that the amounts of digestible dry matter and 
protein would be quite similar in the two rations. 


CHARACTER AND SEQUENCE OF THE RATIONS. 


During a preliminary period ration 1 was fed for several days 
in order to adjust the animal to its influences before observa- 
tions were taken. 

Ration 1—Maximum amount of nucleo-phosphorus. Obser- 
vations with this ration were begun at noon December 20, this — 
period continuing to the morning of January 3. : 

Transition pertod.—From noon January 3 to the morning of 
January 6.. During this period the germ oil meal was reduced 
144, pounds daily and the rice was increased I pound daily. 
One-half pound of wheat gluten was added each day. 

Ration 2.—Minimum amount of nucleo-phosphorus. This 
ration was fed from noon January 6 to the morning of January 
10. : 
Ration 1.—A sudden change was made from ration 2 to 
ration I andthe latter was fed fromnoon January 19 tothe morn-— 
ing of February 2. 

Ration 2—A sudden change was made from ration I to ration 
2 and the latter was fed from noon February 2 to the morning 
of February 16. 
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The period of observation in this experiment covered 58 days 
during which time there was a continuous collection and 
analysis of the milk and excreta. 


THE NUMERICAL RESULTS OF THE EXPERIMENT. 


As in the discussion of the first experiment the tables are made 
up either of daily records or of averages for periods in which 
it was believed the animal had become adjusted to the ration 
that was being fed. A great mass of data was accumulated 
which is presented in a summarized form. The tables that 
follow are displayed under several heads. 

Table 13.—The rations fed. 

Table 14.—The composition of the feeding stuffs used. 

Table 15.—Quantities and percentages of digestible nitrogen 

and dry matter fed. 

Table 16.—Percentage daily composition of the milk with 

‘both high and low phosphorus ingestion, includ- 
ing two transition periods. 

Table 17,—Percentages of various forms of phosphorus in 

milk. 

Table 18.—Total phosphorus balances. 

Table 19.—Distribution and balances of nucleo- SS ienhorce 

Table 20. Distribution and balances of soluble phosphorus 


compounds. 

Table 21.—Distribution and balances of inorganic phosphorus 
compounds. 

Table 22.—Relation between nitrogen and phosphorus excre- 
tion. 


Table 23.—Effects of the ingestion of phosphorus compounds 
upon the composition of the milk. 

Table 24.—Effects of the ingestion of phosphorus compounds 
upon the yield of milk and milk solids and upon 
the excretion of urine. 
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TasBLeE XIII.—TuHe Rations FEp. 


a Rati F Ration 
Ingredients. Noe rr Ingredients. No. ll. 
Oat straw = a 10 Ibs. Oat straw = = 10 lbs. 
Washed bran = if) a Washed ‘bran “<""sa% 10 ” 
Corn germ meal - eae Wheat gluten - oa 
Rice meal - 3 ali hi Rice Meal = - Z Loo 
ieGtat- f= 29 lbs. Totalicn = 29 lbs. 


TABLE XIV.—THE COMPOSITION CF THE FEEDING Sturrs USED. 


Phosphorus. 
Feeds. Water. Protein. Fat. ss 
Total. |Soluble|Inorganie 


Per ct. Per ct. Per ct. |Per ct.|Per ct.| Per ct. 


Oat straw 9.76 4,25 1.87 SOOT tee . 102 
Washed bran 8.40 10.93 4.13 .145 | .054 00 
Rice meal 13.04 1220 vo .074 | .006 00 
Corn germ meal 8.26 22.50 8.70 BL eee .0O 
Wheat gluten 6.84 72.80 1.44 .073 | .008 | .00 


TABLE XV.—QUANTITIES AND PERCENTAGES OF DIGESTIBLE NITROGEN AND 
Dry MatTrTer FEDp, 


Total ‘Dry matter daily. Nitrogen daily. 
Date. PHOS ai as Sar atta So To ae 
phorus} ed. | In feces. |Digested.| Fed. | In feces.| Digeste 1 


fed daily. 

Grms. | Grms. | Grms. | Per ct.| Grms. | Grms. | Per ct. 

Dec. 27-Jan. 2 Ou 12056 4917 BUR 226.1 93.2 58.7 
Jan. 13-Jan. 19 18 11906 4236 64.4 270.5 83.5 69.1 


Jan. 27-Feb2 | 87 | 11967 | 4676 | 60.9 | 229.9|. 87.4 | 61-9 
Feb. 10-Feb. 16, 20 | 11831 | 4408 | 62.2 | 289 84.6 | 70.7 
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TABLE XVIIJ.—ToraL PHospHoRUS BALANCES. 


Date. 


Dec 
Jan 
Jan 
Feb. 


Fed. 


Grms, 


Daily income and outgo of phosphorus. 


Total outgo. 


In feces, 


Grms. 


42 

30.2 
39.8 
29.2 


Grms, 


24.4 
11.6 
22.1 
10.9 


In milk. In urine. 

Grms, Grms. 
1735 =Le 
18.5 .09 
17.6 .07 
18.2 ae 


TABLE XIX.—DISTRIBUTION AND BALANCES OF NuCLEO-PHOSPHORUS. 


—E 


Date. 


Dec. 27-Jan. 2 
Jan. 13-19 
Jan. 27-Feb. 2 
Feb. J0-16 


Total 
phos- 
- phorus 
fed daily. 


Grms, 


Daily income and outgo of fixed phosphorus. 


TABLE XX.—DISTRIBUTION AND BALANCES 


Date. 


Fed... |- Total In feces. | In milk. | In urine. 
outgo, 
Grime, Grms, Grms. Grms, Grms, 

21.5 11.4 8.0 3.4 .00 

9.5 9.7 6.1 3.6 .00 
21.2, 11.4 129 aah 00 
11.4 10.5 6.8 Sey .00 

oF SoLuspLe PHOSPHORUS 


COMPOUNDS. 


Total 
| phos- 
phorus 
fed daily. 


Grms. 
a 
18 
yi 
20 


Fed. Total 

| outgo. 

Grms. Grms, 
pubes) Onn 
4,1 ad 
Lee oie 
4.8 2.9 


In feces. 


Grms, 
1.4 


Daily income and outgo of soluble organic phosphorus 


In milk. | In urine. 
Gris, Beene : 
1.9 .00 
1.8 .00 
Lev O00 
2u0 .00 
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TABLE XXI.—DISTRIBUTION AND BALANCES or INORGANIC PHOSPHORUS 


CoMPOUNDS. 

Total Daily income and outgo of inorganic phosphorus. 
Date. phos- 
phorus Fed. Total In feces. | In milk. | In urine. 
fed daily. outgo. 
Grms, Grms, Grimms. Grms Grms. Grms. 

Dec. 27-Jan. 2 oF 4.7 AF URS 15.0 Et <i2 
Jan. 18-19 - 18 4.7 17.3 4.1 ISsk .09 
Jan. 27-Feb. 2 or 4.7 29.3 1237 15 07 
Feb. 10-16 - 20 | 4:4 15.8 3.4 12.3 07 


TABLE XXII.—RELATION BETWEEN NITROGEN AND PHOSPHORUS EXCRE- 


TION. 
eves Nitrogen. Daily income and outgo of; phosphorus. 
Date. | lnor- Inor- 

Fed | Out Solubl Bs Total Solubl 

daily, dailye eich ‘fed. i em Seer exeriied eeu 

Grms.|Grms.|\Grms.| Grms.|Grms.| Gams. | Grms. | Grms. 
Dec. 27-Jan. 2 226 DVT A Biz A hOsG se en 42.0 30.4 21a 
Jan. 138719 - 270 266 | 18.2 8.8 | 4.7 30.2 20.3 LEZ 
Jan. 27-Feb. 2 229 212 3 Lab toe as 4, 39.8 28.4 27.2 
Feb. 10-16 - 279 263,¢° 2052 8.8 | 4.4 29.2 18.6 15.7 


TABLE XXIII.—EFFECTS OF THE INGESTION OF PHOSPHORUS COMPOUNDS 
UPON THE COMPOSITION OF THE MILK. 


Total In the milk. 
Date. phos- 

fe adciy: Proteids. | Casein. Fat. Sugar. Solids. 
Girmns, + ber, Pervets | Per te Pere. | Peres: 
Dec. 27-Jan. 2 ah, 2.58 2.09 Laas: 5.47 10.87 
Jan. 138-19 - 18 277 2.19 2.74 5.49 11.00 
Jan. 27-Feb. 2 | 37 2.66 yg yt 2.83 5.67 11.08 
Feb. 10-16 - 20 2.30 2.29 2.67 5.49 10.97 
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‘TABLE -X XIV.—EFFECTS OF THE INGESTION OF PHOSPHORUS COMPOUNDS 
UPON THE YIELD oF MILK AND MILK SoLiIpS AND UPON THE 
EXCRETION OF URINE. 


Phos- Daily yield milk solids. Weight 

Date. phorus eats: a ARES | a urine. 

fed daily. nbrorer. Fat. solide. daily. 

Grms, Grams. Grms., Grms. Grms. Grms. 

Dec. 27-Jan. 2 ot 16715 55 464 1812 3600 
Jan. 13-Jan. 19 18 *17620 61 482 1935 5752 
Jan. 27-Feb. 2 oe 16768 58 462 1858 4528 
Feb. 10-Feb. 16 20 16960 61 452. 1860 5468 


DISCUSSION OF RESULTS. 


The data furnished by this experiment eepet to justify the 
following statements : | 


1. The comparative nutritive value of the rations ——The quan- 
tity of digestible dry matter fed daily varied in the several periods 
from 15.7 pounds to 16.9 pounds, the amounts ingested in the two 
high phosphorus periods being not greatly unlike what was eaten 
in the two low phosphorus periods. The quantities of digestible 
protein consumed in the several periods varied from 1.8 pounds 
daily to 2.8 pounds. The low phosphorus ration carried in all 
cases more digestible protein than did the other ration. The 
supply of nutrients was abundant in all periods. (See Table 13.) 


2.. The amounts and forms of ingested phosphorus m the two 
rations.—The quantities of phosphorus compounds which the two 
rations carried were not so greatly unlike as was the case in the 
first experiment. In both periods of the higher phosphorus 
feeding the amount of ingested phosphorus was 37.3 grams, 
while in the other two periods the quantity was 18.2 grams and 
20.2 grams respectively. The proportions of the various classes 
of phosphorus compounds in the two rations were quite unlike 
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what was found in the first experiment. Approximately 57 per 
ct. existed in forms insoluble in dilute hydrochloric acid or 
what we believe to be chiefly nucleins and nucleo-proteids. Thirty 
per ct. existed as soluble organic phosphorus in ration 1 and from 
23 to 24 perct. in ration2. The inorganic phosphorus remained 
practically a constant quantity in the two rations, viz. 4.7 grams 
daily. This experiment was also unlike the first one in that the 
two rations differed chiefly in the quantities of insoluble phos- 
phorus compounds which they carried rather than in the 
proportions of phytin. (See Tables 18-21.) 


3. The relation in amounts and forms of the ingested and 
the outgoing phosphorus.—In no period was the quantity of 
ingested phosphorus equal tothe outgoing amount. With ration 
I this deficiency was from 2.5 to 4.7 grams daily, while with 
ration 2 it was I2 grams in one period and 9g grams in the 
other. These data furnish another illustration of the fact that 
a cow is able to make good a phosphorus deficiency in the 
ration from the store contained in her body. We regard it as 
unfortunate that in this experiment we were not able to feed an 
excess Of phosphorus compounds in the high phosphorus ration. 

In regard to the proportionate distribution of phosphorus 
compounds in the ingesta as compared with the egesta, the 
facts are essentially similar to what was found in the first experi- 
ment. The quantity of excreted phosphorus increased and 
decreased with the amount fed, and as in the first experiment 
the variations in the outgoing amount were found to occur chiefly 
with the proportions of inorganic forms in the egesta. (See Tables 
18-21.) 


4. Distribution of outgoing phosphorus compounds in the milk 
and egesta.—The variations of the outgoing phosphorus are 
again found to occur almost wholly in the feces through a rise 
or fall of inorganic forms. This second experiment furnishes no 
evidence of changes in the distribution of other forms of phos- 
phorus in the milk and egesta, due to variations in the quantities 
of phosphorus compounds in the ration. (See Tables 19-21.) 

5. Physiological effects due to variations in the phosphorus 


33 


bodies of the two rations.—There is a marked difference between 
this experiment and the first one in the extent, at least, of the 
physiological disturbances observed. The results are alike in 
that the amount of phosphorus excretion had no effect upon the 
storage or excretion of nitrogen. The results are unlike in the 
influence of changing rations upon the health of the animal and 
the condition of the feces. Nothing like constipation was observed, 
nor was there any marked change in the condition or color of the 
fecal discharge. 

There was a perceptible, though not marked, variation in the 
volume of urine in the several periods, the change being in the 
reverse direction from that observed in the first experiment. 
In other words, the volume of urine was larger with the smaller 
phosphorus supply. The fact that the low phosphorus ration in 
this experiment carried the larger amount of digestible protein 
may in part account for this increase in the volume of urine. 

An examination of the figures shows that the volume of milk 
was somewhat larger during the low phosphorus period and that 
there was a small but perceptible lowering for a time, at least, 
of the percentage of fat in the milk. These changes are small, 
however, and not nearly as emphatic as was the case in the 
first experiment. (See Tables 22-24.) 

6. Effect of the two rations upon production.—While the 
production of total milk solids, as well as of casein and fat, 
varied somewhat in the different periods, the data do not con- 
sistently show that these changes were due to the influence of 
the food. (See Table 24.) 


EXPERIMENT III. 


This was a repetition of the experiment involving variations 
in the phytin content of the rations. 

In the experiment of 1904 (Experiment 1), in which the 
rations were chiefly made to differ by the substitution of washed 
for unwashed wheat bran, thus causing very large variations 
in the phytin content of the food, certain very remarkable results 
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were obtained, which should not be accepted as final without 
substantiation through further observations. Consequently it 
was decided to repeat the phytin experiment, and as the animal. 
used in Experiment 2 had become accustomed to experimental 
conditions and to the washed bran ration, it was decided to 
continue work with her. 


THE EXPERIMENTAL ANIMAL. 
The animal has been described in the details given for the 
nucleo-proteid experiment. (Experiment 2.) 


MANAGEMENT OF THE EXPERIMENT. 

The management of this experiment was similar in all its 
details to that of the two former experiments, other than some 
differences which may have: occurred in the sequence of the 
feeding periods. 


THE RATIONS. 

The components of the ration, outside of the bran, were cat 
straw, rice and wheat gluten. To these basal feeds washed bran 
was added in certain periods and unwashed bran in others. In 
the first experiment when the change was made from the washed 
bran to the unwashed bran ration, hominy feed was substituted 
for the rice meal. In this experiment this substitution did not 
take place but the rice meal was continued in both rations. By 
this arrangement the variations in the nucleo-proteid content of 
the rations were not emphasized by the substitution of hominy 
meal for the rice. As in the other experiments the protein 
supply was regulated by varying the quantity of wheat gluten. 


CHARACTER AND SEQUENCE OF THE RATIONS. 

Reference to the nucleo-proteid experiment shows that the 
cow during the last period of that experiment was fed the 
washed bran ration. It was necessary, therefore, that in the first 
period of this second phytin experiment there should be fed a 
ration containing unwashed bran. 

Ration 1.—At noon on February 16 the cow was suddenly 
changed to the ration containing the unwashed bran. She con- 
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sumed the entire ration on the 16th and two portions of it on 
the 17th and refused the third portion. It was thought that 
possibly the quality of the bran was the cause of this refusal 
to eat, and, consequently, a bran of superior quality procured from 
a nearby mill, was tried but with no avail. The cow continued 
to refuse the ration during the 18th and 19th. On the 20th 
she was offered small portions of washed bran which were 
eaten with a keen appetite. It was clearly indicated that the 
sudden introduction into the ration of certain bran constituents 
was responsible for the change in the animal’s appetite. Her 
health did not seem to be impaired. She was not feverish and 
while her feces had become. somewhat softened in consistency, 
there was nothing in her outward appearance that indicated an 
abnormal condition of health. During this time of impaired 
nutrition the flow of milk was considerably lessened, as was the 
excretion of feces and urine. . 

Ration 2.—Fed from noon February 20 to the morning of 
February 25th. The change back to the washed bran ration was 
sudden, the entire daily portion being wholly consumed. A nor- 
mal milk flow was soon reestablished. 

Transition period.—This was begun at noon February 25 and 
was completed on the morning of March 9. An attempt was 
made to transfer the animal from ration 2 to ration 1 by the daily 
substitution of two pounds of unwashed bran for an equivalent 
weight of washed bran, with an accompanying daily decrease 
of one-half pound of wheat gluten. This method appeared to be 
successful up to the point where the cow was receiving 6 pounds 
of unwashed bran. The first day that 8 pounds of unwashed bran 
was fed the ration was not wholly consumed. The next day the 
cow again refused to eat and it became necessary to place her 
back on a ration containing 4 pounds of unwashed bran and 6 
pounds of the washed. This mixture was heartily eaten and 
from this point the food was slowly changed to the high phytin 
ration by the daily addition of 1 pound of unwashed bran and 
some days only one-half pound, with a corresponding decrease 
_.in the washed bran. In this way the transition was successfully 
accomplished. 
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Ration 1.—Fed from noon March 9g to the morning of March 
19. ; | 
Transition period.—From noon March 19 to the morning of 
March 23. | 

During this time two pounds of washed bran were substituted 
daily for 2 pounds of the unwashed and when the ration con- 
tained 6 pounds of washed bran, one-half pound of wheat gluten 
was added daily to supply the deficiency in protein. At the end 
of this period the feces had become hard and dry. 

Ration 2.—From noon March 23 to the morning of April ro. 

Ration 1.—At noon April 10, the cow was suddenly trans- 
ferred to ration 1 which she ate heartily for two days and then 
refused further portions. She was then placed on a ration con- 
taining 4 pounds of unwashed bran and 6 pounds of washed 
bran, which she completely consumed on April 12. | 

Transition period.—From noon April 12 to the morning of 
April 18. . 

Starting with the ration which was fully consumed on April 
I2, a change was made gradually to ration 1 by the daily sub- 
stitution of 1 pound of unwashed bran for an equivalent quantity 
of the washed, the wheat gluten being decreased by one-half 
pound. 

Ration 1.—From noon April 18 to the morning of May 2. 

Transition period.—This occupied from noon May 2 to the 
morning of May 6. | 

This transition was accomplished by the daily substitution of 
two pounds of washed bran for an equal weight of the unwashed 
with a daily increase during the entire period of one-half pound 
of wheat gluten. 

Ration 2.—From noon May 6 to the morning of June 4. After 
June 4 the animal was placed with the Station herd and slowly 
brought to the ordinary milk ration. 

During this experiment a sudden change from the high phytin 
ration to the one containing washed bran was found to be 
inadvisable. Abundant evidence was accumulated concerning . 
the drier condition and firmer consistency of the feces when 


Sy, 


the washed bran was fed, apparently establishing beyond ques- 
tion the comparatively laxative effect of the whole wheat bran. 


NUMERICAL RESULTS OF THE EXPERIMENT. 


The data of this experiment are summarized in the following 
tables, the arrangement of which is entirely similar to that fol- 
lowed in discussing the other experiments. 


Table 
Table 
Table 


Table 


Table 


Table 


Table 
Table 


Table 


Table 


Table 


Table 


25.—The rations fed. 

26.—The composition of the feeding stuffs used. 

27.—Quantities and percentages of digestible nitrogen 
and dry matter fed. 

28.—Percentage daily composition of the milk with 
both high and low phosphorus ingestion, includ- 
ing two transition periods. 

29.—Percentages of various forms of phosphorus in 
the milk. 

30.—Total phosphorus balances. 

31.—Distribution and balances of nucleo-phosphorus. 

32.—Distribution and balances of soluble phosphorus 


compounds. 

33.—Distribution and balances of inorganic phosphorus 
compounds. 

34.—Relation between nitrogen and phosphorus excre- 
tion. 


35.—Effects of the ingestion of phosphorus compounds 
upon the composition of the milk. | | 

36.—Effects of the ingestion of phosphorus compounds 
upon the yield of milk and milk solids and upon 
the excretion of urine. | 
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TABLE XXV.—THE RatTIons FEp. 


Ingredients, Rats ae Ingredients. chee 

Oat straw - = 10 Ibs. Oat straw » : 10 Ibs 
Bran j=0 sso Ss 10287 Washed bran - - L077 
Rice meal - he Ricé meal. so. Te: 
Wheat gluten - - i ae Wheat gluten - th eae 
Ota: A> 294 lbs. ad otal. = 29 Ibs. 


TABLE XXVI.—THE COMPOSITION OF THE FEEDING Sturrs USED. 


Feeds. Water. Protein. 

Per ct. Per ct. 

Fad Straw ome ae 10.62 5.74 
Wytan ib eee 9.06 14.25 
Washed bran - - 8.44 1142 
Ricemeal (=) =7,= 12.67 8.37 
Wheat gluten - - 7.41 85.5 


Phosphorus. 
Total. |Soluble lTnorganie 
. |Per-ct.| Per ct.| Per et. 

.198 | .182 .088 

1 ei .899 .00 
.145 | .050 .00 
.084 | .007 | .00 
.220 | .0382 |” .00 


TABLE XXVII.—QUANTITIES AND PERCENTAGES OF DIGESTIBLE NITROGEN 
AND Dry MATTER FEp. 


Nitrogen daily. 


Fed. In feces.| Digested 
Grms. | Grms. | Per ct. 
284.7 83.9 70.5 
269 82.6 69.3 


Phos. Gal Dry matter daily. 
Date. phorus 
fed daily. Fed. | In feces.|Digested. 
Grms. | Grms. | Grms. Per ct, 
March 12-18 77 11484 3523 69.3 
Mar. 30-Apre5) 2.46 11805 4282 63.7 


39 


S8°1L} 89°9 OI'S £9°G-- GL S91 LT 45 
Stor}; 149° O&°& 09°S | 91'S | OL 9T 5, 
T9'IL| 6a°¢ OLS $96 | 62 | OL CI ;, 
OO°6T| IG°¢ G6'°S GOS | 6S | OE PL 5; OL LES hehneS 02°S Lvs | SOS | OT | OF. ;, 
SZ°IL| 6§°S OLS CLG OG:8) hob reg oe I9°TI OVS 06°& BES HOS fe 1ST 6S" ys 
GL°TT| O&°S GI's CLG | USE | OT GI 55 i a! LE’ cls VPS. | SOEs SEO) 8S kas 
TScCh Ge" 06°& OLS | 66° | YI IT 55 QS" TT OFS 06°S LHS? 1 96°61 SBE EGS ey. 
9L°TT| €36°¢ gS°s 1g°G | 80S. | - 91 OL; Goi bbG CT's 68° | 96% | ST | 96 >, 
LEST} UGS GL°S 89° | ces | YI 6 55 GLIT GPG Go's 8G 40'S | ST |-GS 
LOIT| $8°¢ 00°S GL’e | b8E | YI S55 OTT 19°g G6°G AA Ce A Cl {Cl 
LO°SI | 8E°S crs 69'S | bo°E | OL Lema LOIT.| 90g cls LvV'G | 90E | OS | &  ;, 
Tec} O€G | GOS TZ’ .| 96°E |. OL 9 4 POT Pg 06°& LVS | OOS GL GG. 55) 
90°GT| SES 39'S 99°¢ .| OTS |. IS Bey 6L 11 66°¢ OFS 8h°S | SOS | EF | 16», 
92°61 | LES O8°& bG°S =| 60°SE | EY Laer 9ST. ES°g 0$°& 88°S | 166 bY | 06 >» 
GGGL| 9P'Y Go"s La | IVS) 9 ey TE AES So 06°& LEG | 666°) “S91 BT 55 
LEG | 9E°S O8"S 69°C | I16°€ | 89 Go» 09°TT GY G Gas SSS OG LL a BRE ies 
bP SL] SPS GL’s Glee | 968 | LL T Avyy 90°61 8L°g Go's 09°C: | SOS NLL LE 5, 
SI'S | L26°S O8°S SOS. | IT'S | LL og dy || esa 8g°g OFS 69°S 4° 26°82 PeLh OE TUIeIN 
"99 Lad |\°JO dag |°70 dad |°}) Lad \"79 sad)| "SWAY 79 had | °J0 dad | °)0 dad | °0 ddd \'}9 dad |"SUA) 
“SprITos | ‘1B6ng "7B - oa eee: Bee *SpI[Os "IBSUS yBT . a diets ples 
ee he saad "348 tr Ree $ tea pote 
“TUL UT “s0udd ‘y[TUL Uy ROU 


‘SGOINA ~NOILISNVY], OM], DNIGNIONT NOILSADNT 
SQYOHASOHG MOT GNV HODIPJ HLOG HIIM MT FHL AO NOTMISOAWOD ATIVG ANVLINADAG—TIIAXX AMV 


40 


"90 Lad 


[80° 
910° 
640° 
820° 
LLO’ 
vL0° 
LLO° 


“OIUBSIONT 


‘yu ut snroqdsoyg 


LL0° ¢80" OLT’ 
680° POT’ 9T O€ 40° ¢80° OOT* 
P80" GOT” 8ST 66 840° 80° COL" 
680° LOT" ST 8G 920° 680° LOT’ 
¢80° 60T° 8ST LG 920° b80° 90T* 
680° 601° 8T 96 690° 80° Lol’ 
80° POL" ST GG PLO’ LLC: ict) & 
680° POL" 0G bG YoseyN TL0° 920° OL’ 

"79 Lad "70 Lad SULLY) : "79 Lag "79 WOT "10 bag 

“aTquyos [B10], "poy dTUBSIOUT ‘aTqnyjos [810], 

: snioydsoyd *O1Bq E 
1870.1 


‘yu ul snioydsoyg 


*"SULLE) 


“pos 
snioydsoyd 
1810.0 


4 
Zz 
13 
02 
6I 
ST 
LT 
QT yore 


a] Bq 


“NTI AHL NI 


SQYOHdSOH J JO SWYO 


SNOINVA AO SADVINDOWAG—XIXX FAV, 


ves 


TABLE XXX.—ToTAL PHOSPHORUS BALANCES. 


Date. 


March 12-18 - 


March 30-April 5 


Daily income and outgo of phosphorus. 


Fed. Total outgo.| In feces. In milk. 
Grms, Grms. : Grms, Grms., 
te 68.4 43.5 14.7 
16 26.8 10.9 15.8 


In urine. 


Grms. 


10.17 
.08 


TABLE XX XI.—DISTRIBUTION AND BALANCES OF NUCLEO-PHOSPHORUS. 


Daily income and outgo of fixed phosphorus. 


Total 
Date. phos- 
i aPaaiy, Fed. aes: In feces. | In milk. | In urine. 
Grms., Grms Grms, Grms. Grms. Grms. 
March 12-18 - 77 Zon 13.4 9.9 3.5 .00 
Mar. 30-Apr. 5 16 9.6 9.4 6.1 Boo .00 
OF SOLUBLE ORGANIC 


TABLE XXXII.—-DISTRIBUTION AND BALANCES 


PHOSPHORUS COMPOUNDS. 


Total 
Date. cen ae 
fod datlys (oe 
Grms. Grms. 
March 12-18 - 77 50.2 
Mar. 30-Apr. 5 16 2.6 


Total In feces. In milk. 
ontgo. 

Grms, Grms. Grms, 
1.58 .53 1.05 
1.86 .69 16 


| Daily income and outgo of soluble organic phosphorus. 


In urine. 


Grms., 


.00 
« .00 
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TABLE XX XIII.—DIstTRIBUTION AND BALANCES OF INORGANIC PHOSPHORUS 


CoMPOUNDS. 
See, BT Daily income and outgo of inorganic phosphorus. 
Date. phos- l 
phorus Fed. Total In feces. | In milk. | In urine. 
fed daily. | outgo. 
| Grms. | Grms. | Grms. Grms., Grms, Grms. 
As | | 
March 12-18 17 | 4 | 53.4 as ba 10.2 oO: 
/ / 
March 30 ) | | 
7 | | e oO. aA a2 08 
to April 5 ( | 16 | 4.2 | 15.5 4 11 
| | 


TABLE XXXIV.—RELATION BETWEEN NITROGEN AND PHOSPHORUS 


EXCRETION. 
/ Nitrogen. Daily income and outgo of phosphorus. 
Date. - 3 
pu Fed | Outgo| peg, Soluble! "2" ie) Total | Soluble |Inor- 
| daily. | daily. fed. fed, |excreted|excreted| ganic. 
|Grms. Grms. Grins. |\Grms.|Grms.| Grms. | Grms. | Grms. 
March 12-18 284 | 241 77 54 4 68 . 45. 43 
| 
| 15.4 
Mar. 30-Apr. 5 269 | 246 16 6.8 4. |. 26.8 1733 


TABLE XXXV.—EFFECTS OF THE INGESTION OF PHOSPHORUS COMPOUNDS 
UPON THE COMPOSITION OF THE MILK. 


Total In the milk. 
Date. phos- 

eat Proteids.| Casein. Fat. Sugar. Solids. 
Grms. | Per ct. Per ct. Per.ct..| Per ct. | Per ct. 
March 12-18 - 7 3.07 2.53 3.28 “0,06 11.91 
Mar. 30-Apr. 5 16 3.05 2.45 3.09 5.46 11.59 
Apr. 24-May 1 77 See 2.66 3275 5.47 12.41 
May 29-June 4 16 Dad 240 3.29 5.50 12.07 
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“ 
TABLE XXX VI.—EFFECTS OF THE INGESTION OF PHOSPHORUS COMPOUNDS 
UPON THE YIELD OF MILK AND MILK SOLIDS AND UPON 
THE EXCRETION OF URINE. 


Daily yield milk solids. : 

Phos- : ; Weight 

Date. phorus Yield milk : urine. 

fed daily. daily. Casein Fat. Total daily. 
nitrogen. solids. 

Grams. Grams. Grms. Gras. Grams. Grams. 

March 12-18 - fi 14606 58 478 1739 9433 

Mar. 30-Apr. 5 16 14899 57.6 459 1726 5482 
Apr. 24-May 1 77 12686 53 473 1575 
May 29-June 4 16 11917 B1o7 392 1438 


DISCUSSION OF RESULTS. 

The results secured in this experiment are in the main con- 
firmatory of those obtained in Experiment 1. 

I. Lhe comparative nutritive value of the rations.—Both 
rations supplied an abundance of digestible nutrients. The dry 
matter digested daily from ration I was 17.5 pounds and from 
ration 2, 10.5 pounds, the amounts of digestible protein being 
2.8 pounds and 2.6 pounds respectively. The difference between 
these two rations is not sufficient to account in any way for the 
physiological and other effects observed. (See Table 27.) 

2. The amounts and forms of ingested phosphorus in the two 
rations.—Ration 1 carried 77 grams of phosphorus and ration 
2, 16 grams. Of the phosphorus in ration 1, 65 per ct., or 50.2 
grams, consisted of soluble organic phosphorus compounds, which 
was practically all phytin. In ration 2 only 2.6 grams of pros- 
phorus was found in soluble organic combinations. The 
nucleo-proteid phosphorus in ration I amounted to 23.2 
grams or 30 per ct. of the whole, and in ration 2 9.6 grams 
or 60 per ct. of the whole, the larger amount of this form of 


phosphorus in ration 1 being due to the difference in the com- 
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position of the unwashed and washed bran. As in former 
experiments, the food supply of inorganic phosphorus was small 
and similar in the two rations. These figures make it evident that 
the quantities and proportions of phosphorus compounds in these 
two rations were quite similar to what was found in the rations 
used in experiment 1. (See Tables 31-33.) 

3. The relation in amounts and forms of the ingested and the - 
outgoing phosphorus.—_The comments offered under this heading 
in discussing experiment I could be repeated here inthe main 
as accurately characterizing the outcome of this experiment. 
Briefly stated, the amount of excreted phosphorus rose and fell 
with the food supply; during the feeding of the high phytin 
ration phosphorus storage occurred while with the low phytin 
ration the outgo of phosphorus was an average of 10.8 grams 
per day more than the income, a condition which the animal sus- 
tained through one period of 30 days without serious effects ; 
the phytin phosphorus and that in the unused nucleo-proteids 
was practically all reduced to inorganic forms; the variations 
in the outgoing phosphorus were chiefly changes in the propor- 
tions of the inorganic salts of this element and finally no evidence 
was secured showing that there was any synthesis of the phos- 
phorus-bearing proteids. (See Tables 30-33.) 

4. Distribution of outgoing phosphorus compounds in the 
muk and egesta.—Again the outcome of this experiment is simi- 
lar to what was observed with the first one, viz. the rise and 
fall of phosphorus compounds in the egesta occurred chiefly, in 
the feces, though to a considerable extent in the urine. When 
the larger amount of phosphorus compounds was fed, there was 
a marked increase in the inorganic phosphorus compounds of the 
feces and urine. Casein secretion was not affected by the phos- 
phorus supply and the proportions of organic phosphorus bodies 
in the egesta appeared not.to be affected by the supply of these 
in the food. (See Tables 28 and 31-33.) 

5. Physiological effects due, to variations in the phosphorus 
bodies of the two rations.—A larger proportion of ration I was 
digésted than of ration 2, due undoubtedly to the fact that the 
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washed bran was less digestible than the unwashed. Practically 
the same proportion of nitrogen was digested from the two 
rations, but there was a somewhat greater storage of nitrogen 
compounds from ration I than from ration 2, a result evidently 
independent of the phosphorus supply. The withdrawal of the 
phytin from the ration again had the effect of causing marked 
constipation, although in this experiment, because of the pre- 
cautions that were taken in arranging the transition periods, it 
was not found necessary to administer a purgative at any time. 
The laxative influence of the phytin seems to be well established, 
for it does not appear probable that in washing the bran other 
compounds of a. laxative character were taken out. 

The volume of urine was greatly decreased when the washed 
bran was substituted for the unwashed, the quantity with the 
high phytin ration being 72 per ct. larger than when the phytin 
was withdrawn. This result is fully as marked in this experiment 
as it was in the former one. , 

It is very clear that in this experiment, as in the first one, the 
excretion of nitrogen bears no relation to the phosphorus outgo, 
a fact to which reference will be made later in our discussion. 

The average weights of milk produced as given for the several 
periods do not show any influence arising from changes in the 
amounts of phosphorus compounds fed. When, however, we 
come to consider the records of milk flow immediately succeed- 
ing the change to the washed bran ration, the effect of the change 
is made very evident. The following table shows the milk yield 
through a transition period beginning March 16th and ending’ 
March 24th. 
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TABLE XXXVIIJ.—YIELDS oF MILK DURING A JRANSITION PERIOD FROM 
HicH to Low PuHospHorRuUS RATION. 


Total Daily Total Daily 
Date. phos- yield Date. phos- yield 
phorus) milk. phorus; milk. 
Heyme oe fed. 
Gras. Grms. Grms. Grams. 
March 15 77 14429 March 20 43 16202 
16 77 14088 21 3k 15167 
17 1a 14500 22 19.8 15181 
18 65 15252 23 19.8 15365 
19 54 15521 24 -19 15408 


The above figures show an unmistakable influence of the change 
in the phytin supply. 

The influence of a change in the rations upon the composition 
of the milk, that is, upon the percentage of fat, is not as marked 
as in the first experiment. In Table 28, where the daily com- 
position of the milk is detailed, covering a period from March 
16th to March 30th during which time the ingested phosphorus 
was diminished from 77 grams daily to 16 grams, there is shown 
a small but unmistakable lowering of the percentage of fat. In 
this period from April 30 to May 17, when a similar reduction 
was made in the ingested phosphorus, the effect upon the fat 
percentage is much more marked, amounting to from six to 
seven-tenths per cent. During the lowering of the quantity of 
phosporus fed the decrease in the fat content of the milk was a 
progressive one. In this period there did not appear to be a 
tendency, as was observed in Experiment 1, towards the resto- 
ration of the fat content to its original proportions. The decrease 
in the percentage of milk solids is almost entirely accounted for 
by the decrease in the porportion of fat. (See Tables 27, 30-36.) 

6. Influence of the two rations upon production.—During 
this experiment the yield of total milk solids and of casein 
gradually diminished: without any apparent relation between 
production and the character of the rations. The yield of milk 
fat was perceptibly lessened during the low phytin periods. (See 
Table: 36.) ; 


47 


7. O¢cstrum period.—This animal did not show the marked 
disturbance in this direction that was observed with cow I. On 
the 2oth of February, during the time she was passing from a 
low phytin ration to the one rich in that compound, the oestrum 
failed to appear. This was the only instance of the kind recorded 
with this animal. It was thought that perhaps a withdrawal of 
phytin from the ration for a long time would produce a result 
similar to that which occurred with cow I, but during a thirty- 
day period of low phosphorus feeding, and afterwards, the oes- 
trum regularly occurred. The animal afterwards became 
pregnant. 


Ceyer  DISCUSSION OF THE “THREE EXPERI- 
MENTS. 


The data obtained from these three experiments involving the 
use of two animals, consistently support the following conclu- 
sions. Certain of the facts observed, which, with others, are 
here briefly summarized, agree with observations made by other 
investigators. 

1. The amount of outgoing phosphorus rose and fell with the 
quantity supplied in the food, though within narrower limits. 
When the phosphorus supply was abundant there was a storage 
of this element in the bodies of the animals, but during prolonged 
periods in which the supply of phosphorus was deficient there 
was withdrawn from the body store about Io grams daily in 
several periods. 7 

2. Through catabolic changes the phosphorus of the phytin 
and that of the unused digested nucleo bodies, was reduced to 
inorganic combinations, and was excreted chiefly in the feces, 
though to a small extent in the urine. 

(The phosphorus of the urine is calculated wholly as inorganic. 
While we may not be justified in doing this, attempts to separ- 
ate phytin or other organic forms of phosphorus from the urine 
by the methods employed in all the other work failed entirely. 
Whatever error is introduced by this method of calculation must 
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certainly be small.) Further evidence of catabolic metabolism 
of phosphorus compounds is found in the fact that the inorganic , 
phosphates of the milk were from three to five times greater 
in quantity than the total amount of such compounds in the 
food. The rise and fall in the amounts of outgoing phosphorus 
compounds occurred almost wholly with the inorganic salts found 
in theegesta. The organic phosphorus bodies of theegesta were 
but little affected, if at all, by the proportions of phosphorus com- 
pounds in the food. Variations in the phosphorus supply appeared 
not to modify the appropriation of this element by the milk. 


3. No relation whatever appears to exist between nitrogen 
excretion and phosphorus excretion. 

4. Itis shown without question that the physiological effect 
of the two rations, due to the withdrawal from the bran of such 
compounds as were soluble in slightly acidulated water, differed 
to a marked degree. With the washed bran ration as* compared 
with the one containing the unwashed bran, the following dif- 
ferences were observed. 


a. Drier and much firmer feces with the washed bran ration, 
accompanied by a constipated condition, requiring in some cases 
the use of a purgative. 


b. A marked disturbance of appetite (in ~—Experiment 3) 
when a sudden change was made from the washed bran ration to 
the one containing the u.washed bran, indicating some specific 
physiological influence of the compound or compounds removed 
from the bran by leaching. : | 

c. A greatly reduced flow of urine following a change from 
the unwashed bran to the washed bran ration, the reverse taking 
place when a reverse change was made. 

d. An increase in the flow of milk consequent upon the with- 
drawal from the ration of the phytin and other water-soluble 
constituents of bran. 

e. A reduction, sometimes large, in the percentage of fat in 
the milk consequent upon the withdrawal from the ration of 
phytin and other water-soluble constituents of bran. 

f. A decreased production of butter-fat during the period the 
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washed bran ration was fed, notwithstanding a somewhat 
increased flow of milk. 

g. The entire cessation of the oestrum period with cow I 
and a temporary disturbance of this period with cow 2. 

h. The foregoing effects were observed chiefly in experiments 
1 and 3, in which the difference in the phosphorus content of the 
two rations was brought about by leaching the phytin and other 
soluble compounds out of the wheat bran. In experiment number 
2 where the phytin content was small and remained unchanged, 
similar physiological influences were not sufficiently marked to 
place much emphasis upon them. 

To what cause shall these physiological influences be attributed? 
—We now come to the important question as to what compound 
or compounds in the rations may be regarded as the exciting 
cause of the physiological influences observed. It is doubtful 
whether our data justify definite conclusions, but the situation 
may be somewhat elucidated, perhaps, bya discussion of certain 
factors entering into the problem... There are several possibil- 
ities to be considered: 

1. The difference in effect of the two rations may be due to 
the larger supply of phosphorus in one ration without reference 
to the form of the combination. | , 

2. The compound known as phytin may have specific phy- 
siological influences in several directions. 

3. The withdrawal from the ration of the basic compounds 
with which phosphorus is associated in the compound phytin may 
explain wholly or in part the peculiar physiological influences 
observed. 

In discussing the first point it should be stated that experiment 
2 was planned with the hope that by eliminating the phytin and 
varying the quantity of other phosphorus compounds light 
would be thrown upon the question of the influence of the supply 
of organic phosphorus bodies without reference to their nature. 
The experiment was not entirely satisfactory. In no period was 
the phosphorus income equal to the outgo and it is not clear what 
would have been the result had the two rations been as fully 
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differentiated in their phosphorus content as was the case in exper- 
iments I and 3. However, there are indications, not to be ignored, 
that the two rations in the nucleo-proteid experiment had a some- 
what unlike effect upon the flow and composition of the milk. 

The other two points must be considered together. The prob- 
lem here involved is whether, if phytin exerts the physiological 
effects observed, its influence is to be attributed to its acid phos- 
phorus radical or to the basic portion, calcium, magnesium and 
potassium, or to the organic compound as an entity. The ques- 
tion was then raised in the progress of the work whether the 
withdrawal from the bran, by leaching, of the bases calcium, mag- 
nesium and potassium, might not so influence the supply of the 
compounds of these elements in the rations as to cause results 
that otherwise would be attributed to the phosphorus supply. 

Analyses of both the unwashed and washed bran show that the 
leaching removed the greater portion of the magnesium and 
potassium compounds and but very little of the calcium com- 
pounds. The following figures.comfirm this statement : 


TABLE XXXVIII.—INORGANIC CONSTITUENTS OF BRAN BEFORE AND 
AFTER LEACHING. 


st E n aod es ne ae + re 


L 
Pe CaO. MgO. K 20. 
Per ct: \ Per ct. Per ct. Per ct. 
Whole bran 1.42 .182 . 894 Poe 
Washed bran .145 380 .162 .084. 


The marked difference in the composition of the two kinds of 
bran, as indicated above, very naturally suggested the inquiry as 
to whether the supply of certain bases in the washed bran ration 
might not be insufficient. | Consequently the amounts of the 
ingested and outgoing calcium, magnesium and potassium oxides 
were determined for two periods in experiment 3, one March 14 
to 17, inclusive, during which time unwashed bran was fed; and 
March 30 to April 2, inclusive, this being part of a washed bran 
period. The results of this inquiry are given in the follow- 
ing tables: 


t oo, 
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The facts displayed in the above figures are very suggestive. 
It appears that in both periods the animal excreted more calcium 
oxide than she received, and the somewhat surprising result is 
shown that the animal gave up from her body store much the 
larger amount of calcium. compounds when the income of phos- 
phorus was less than the outgo. This fact will be considered - 
later. 


The supply of magnesium and potassium compounds was 
greater in the food in both periods than was the amount excreted. 
In fact, there was a storage of magnesium in both periods and 
especially of potassium in the period of low phosphorus feeding. 
It is not easy to draw from these facts the conclusion that the 
unlike physiological influence of the two rations is due to a with- 
drawal from the bran of the bases under consideration. In both 
periods there was a calcium balance against the animal and an 
apparently sufficient supply of both magnesium and potassium. 
Our knowledge of materia medica suggests, of course, that the 
larger supply of magnesium compounds in ration I may have 
had some influence of a laxative character and it is also conceiv- 
able that the greater amount of excreted potassium compounds 
may have increased the flow of urine. Outside of these sugges-_ 
tions it is difficult to even theorize as to why the extent of the 
supply of these bases should explain the physiological influences 
that are under discussion. The authors are inclined to the view 
that the compound known as phytin exerts specific physiological 
influences. 

The supposed laxative effect of whole wheat bread.—lt is gen- 
erally believed, how correctly is not definitely established, that 
whole wheat bread is a desirable food for persons of a constipated ~ 
habit. This supposed influence is usually attributed to the effect 
of the coarser material upon the peristaltic action of the intestines. 
The outcome of this investigation very naturally suggested the 
thought that if whole wheat bread really possesses. the laxative 
properties assigned to it, this may be due to the amount of phytin 
it. carries rather than to its mechanical condition. With this 
point in view, analyses were made of the milling products from 
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a-particular lot of wheat, which was ground at a nearby mill. 
These analyses are given in the table below: 


TABLE XLII—PHoSPHORUS CONTENT OF WHEAT. AND ITS MILLING 


PRODUCTS. 
Phosphorus. Phosphorus. 

Per ct; Per ct, 
Whole wheat - os .378 * tst Middlings - .O71 
Bran - - 1.28 2nd gr - - .079 
Middlings (Ships) - .857 ard ot - - - .091 
Germ - ¥ - .765 Germ roll flou - .074 
Straight flour - - .089 Tailings or last roll e100 
Ist Break ‘flour - . - .089 Tailings reel - - 134 
andes’ id - - .O88 Bran duster flour - .196 
siya Mah ed oe - .088 Low grade flour - - .166 


*Middlings’’ is millers’ term for fine flours. 


It is evident, as is well known, that the phosphorus compounds 
of the wheat kernel are found mainly in the outer coatings and 
germ from which are derived the bran and middlings. As the 
bran phosphorus is mostly contained in the compound phytin, it 
is self-evident that this substance exists in much larger propor- 
tion in the whole wheat bread than in fine flour. These state- 
ments are offered as suggesting a problem for further study. 

A pharmacological study of the compound phytin.—In view 
of the possible pharmacological properties of this compound, as 
indicated in these experiments, it was thought to be very desira- 
ble that experienced investigators should undertake a study of 
its physiological influence. | Correspondence was entered into 
with Dr. R. H. Chittenden of Yale University and he very kindly 
consented to .undertake pharmacological observations with this 
substance. There was prepared, therefore, in our laboratory the 
anhydrooxymethylenediphosphoric acid, which is phytin freed 
from its bases, a quantity of which was sent to Dr. Chittenden. 
We understand that the studies indicated are now in progress 
under the direction of Dr. L. B. Mendel. 

The increased flow of urine, caused by feeding the unwashed 
bran ration.—Several points need consideration in this connection. 
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Marked changes in temperature undoubtedly have an influence on 
urine secretion but as both of these animals stood in a room 
which was warmed to the point of comfort by artificial means, 
this factor hardly needs consideration. It has already been made 
clear that the larger urine excretion was not correlated with an 
increased nitrogen outgo. 

The amount of water drank would certainly exert some influ- 
ence. In order to determine whether any relation existed between 
the water taken and urine excretion, the following table has been 
prepared showing the average daily quantities of water consumed 
during the periods for which other averages have been given. - 


TABLE XLIII.—RELATION oF FLOW oF URINE TO AMOUNT OF WATER 


DRANK. 
at 0. 

Cow 1. Cow 2. ; 
l Ges aes “| Phos- peoeaa 
| Phos- | Water | Weight ; phorus Water | Weight 
Period. | phorus drank jofurine Period. fed | drank jofurine 
Ns | fed. | Cally. _ daily. daily. | daily. | daily. 
‘Grms.|Lbs. oz.|Grms., Grms, | Lbs. oz.;Grms. 
; | A 

Mar. 11-16 - | 12.8 |76- 9} 4974 | |Dec. 27-Jan. 2 | 37.3 |77 - 15) 3600 
Apr. 12-18 - | 78.7 169+10/10555 | |Jan. 13-19 - 18.2 |88- 5752 
Apr. 28-May 1} 16 (55- 6) 9560| |Jan. 27-Feb. 3 | 37.3 |78- 5} 4528 
May 9-15 - -| 83.3 |97- 12)12723 | |Feb. 10-16. - 20.2 8>- 12) 5468 
May 22-26 - | 21.4 |72- 1010147 | |Mar. 12-18 - 77. 185-- 8). 9438 
| | |Mar. 30-Apr.5| 16  |79- 9) 5482 


It would not be logical to conclude from the figures of the above 
table that the variations in the volume of urine are caused by 
variations in the water supply. If the whole case rested on a 
comparison between the period May g to 15 and the periods pre- 
ceding and following, a consistent relation would be established, 
~ but on the other hand a comparison of the period, March 11 to 
16, with April 12 to 18, and of February 10 to 16 with March 
12 to 18, gives us opposing evidence. 3 

The effects produced upon the volume and composition As the 
milk.—A definite explanation of the unlike influences exerted by 
the different rations upon the volume and composition of milk is 
not now possible. It may be that the volume relations of both 
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urine and milk are affected by the osmotic tensions induced by 
the presence of certain salts. 


The work of Herter (See page 6 ) showing that an insuffic- 
ient fat supply in the food of young animals depresses the assim- 
ilation of phosphoric acid, is suggestive in this connection. These 
experiments show a reverse relation in that the elaboration of 
butter-fat is apparently lessened by an insufficient ‘phosphorus 
supply. 

The question naturally presents itself as to whether the low 
phosphorus supply affected in any way the constitution of the 
milk fat. In order to obtain evidence on this point the butter-fat 
was examined from five different periods in experiment 3. 


1. Fat from the milk of April 19th to 20th. High phosphorus 
feeding immediately after the change from a low phosphorus 
ration. . 

2. Fat from milk or April 29 to 30, ten days after the change 
from a low phosphorus to a high phosphorus ration. 


3. Fat from milk of May 7 to 8. Low phosphorus ration 
immediately after a change from the high phosphorus ration. 


4. Fat from the milk of May 22 to 23, fifteen days after the 
change from a high phosphorus ration. 

5. Fat from milk six weeks after the cow had been placed on 
the regular ration of the Station herd. This represents butter 
fat produced under entirely normal conditions. 

The results of these examinations are given in the following 
table: 


TABLE XLIV.—CoMPposITION OF BUTTER FATs. 


Phos- Volatile | Soluble | Insoluble| Iodine Meltin 
+ - . é 5; . J & 
No. eae acids. acids. acids. absorp. | Koet. No.|- point. 


Per ct. Per ct. Per ct. Per ct. 


1 | High 31.62 5.61 86.89 26.91 239 31.25 
2 | High 33.82 5.65 85.99 26.47 240 30.70 
3 | Low 29.60 4.91 87.40 25.41 236 32.44 
4 | Low 26.29 4.75 87.31 26.23 234 33.15 
5 


Normal | 26.21 5.10 88.59 37.93 232 31.450 
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The indications are that the constitution of the milk fat was : 
somewhat modified by the change in the rations. The volatile 
and soluble fatty acids are in smaller proportion in the fat pro- 
-duced by the low phosphorus ration while the melting point is 
somewhat higher, facts that are entirely consistent with each 
other, and are an additional indication of a specific influence upon 
milk-fat sécretion of the compounds taken out of the bran by 
leaching with water. | 


The source of the phosphorus given up from the body store 
during the periods of low phosphorus feeding.—Since these two 
animals were able to sustain a loss of phosphorus compounds 
from the body store during considerable periods of time without 
any apparently serious consequences to the general health, it 
becomes an interesting question as to what part of the body store 
was drawn upon. The fact that the nitrogen excretion was not 
increased during the feeding of the low phosphorus rations would 
indicate that there was no cleavage of the nucleo-proteid bodies 
stored in the tissues unless, indeed, it is possible for such cleav- 
age to occur and leave the proteid component of these bodies 
intact. 


It would appear reasonable to expect that the deficiency in the 
phosphorus compounds of the food would be made good from the 
body supply of what may be called the circulatory phosphorus 
compounds, that is, those which are soluble or transferable. Facts 
are available which enable us to consider this point of view more 
or less intelligently. Emmett & Grindley®® in their researches 
on the chemistry of the flesh of steers, have made a study of its 
phosphorus content in various forms. Their results show that 
the total phosphorus from such flesh soluble in cold water ranged 
from .146 per ct. to .257 per ct., averaging approximately .2 per 
ct. Of this .12 per ct. consists of soluble inorganic phosphorus 
bodies, chiefly potassium phosphates, only about .o8 per ct. being 
in the form of organic phosphorus compounds. 

In an experiment by Jordan®® concerning the relation of food 


35Jour. Amer. Chem. Soc., 283 25. 1906. 
36Maine Agr. Expt. Sta., Rpt. 1895, p. 36. 
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to the growth and composition of the bodies of steers, it was 
found that the soft tissues of the bodies of the experimental ani- 
mals, exclusive of the blood and the contents of the stomach and 
intestines, represented about 51 per ct. of the total body weights. 
Assuming the same relations for the bodies of the animals in 
these experiments and that the soft tissues contain .2 per ct. of 
phosphorus in soluble or transferable combinations, we find by 
computation that the total quantity of such phosphorus would be 
approximately 525 and 450 grams for cows I and 2 respectively. 
The figures of the preceding tables show that there was one per- 
iod at least in which the phosphorus deficiency approximated Io 
grams daily for 30 days. The question is, then, whether from the 
store of soluble phosphorus compounds an amount equal to 300 
grams of phosphorus could be withdrawn without serious results 
to the animal’s health. That this could happen certainly seems 
improbable. 


Attention has been called to tables 39-41, which shows the 
income and outgo of the oxides of calcium, magnesium and potas- 
sium during two periods of four days each, one with an excess 
and the other with a deficiency, of phosphorus compounds in the 
ration. The unlike results in the two periods appear to be signi- 
-ficant in their relation to the supply of phosphorus compounds. 
During the period of low phosphorus supply the withdrawal of 
calcium compounds from the body store was greatly increased, 
with a somewhat corresponding increase in the storage of potas- 
sium oxide. There was a storage of magnesium oxide in both 
the high and low phosphorus periods, this being considerably 
greater in the former. These facts would indicate that there was 
a replacement of calcium oxide by another base, particularly in 
the period of low phosphorus feeding. On the other hand the 
greatly increased excretion of calcium compounds in the low 
phosphorus period suggests a cleavage of calcium compounds in 
some way connected with the deficiency of phosphorus in the 
food, the most natural inference being that the egested phosphorus 
not supplied by the food was obtained from a body compound 
containing calcium oxide as a base. 
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The metabolism and excretion of phosphorus and other mineral 
compounds of the food.—It has been shown that the phosphorus 
of the catabolized phytin and nucleo-proteids appears in inorganic 
combinations mostly in the feces, though to some extent in the 
urine, and that the calcium oxide which is withdrawn from the 
body store is excreted in a quite similar manner. These are 
facts of general physiological interest and are confirmatory of 
the observations made by other investigators. 

The question as to where the cleavage of the compounds under 
consideration takes place is an interesting one. In order to throw 
light on this problem we have studied the action of trypsin and 
pepsin on the free acid of phytin and its simple salts without 
securing evidence of the power of these enzyms to split these 
bodies into inorganic forms. To be sure, the influence of other 
enzyms such as.erepsin and of bacterial ferments has not been 
tested and so we have no direct proof that these latter might not 
effect a cleavage of the phosphorus bodies we are studying, but 
this hardly seems probable. 

It is certain that phytin entirely disappeared from the intest- 
inal tract and did not reappear even in small proportions in the 
milk or urine. By our methods of analysis it is possible to deter- 
mine very small amounts, of soluble organic phosphorus but elab- 
orate examinations of large quantities of milk, urine and feces» 
during a time when the animal was receiving an excessive amount 
of phytin, failed to reveal its presence even in minute proportions. 
These facts, together with the failure to cause a cleavage of phy- 
tin through the action of enzyms, indicate that this body was 
absorbed, metabolized, and its phosphorus excreted, largely 
through the feces, in inorganic forms. 

The observations of other experimenters show clearly that the 
presence of any compound in the feces is not proof that it has 
not been absorbed into the body cavity. Bergman*’ demonstrated 
that when glycero-phosphoric acid is injected subcutaneously 
into a sheep the phosphoric acid is excreted in the dung. Mendel 
& Thacher®®’ have also shown that mineral compounds that are 


37Jahres’ber. Agr. Chem., 3d-F., 4: 354. Igor. 
38Amer. Jour. Physiol., 11: 5. 1904. : 
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absorbed from the intestinal tract may afterward appear in the 
feces. There is a growing evidence among physiologists that 
the alimentary canal is a channel for the excretion of something 
more than the substances which have failed of digestion and 
absorption, and consequently that the percentage of digestibility 
of certain compounds is not measured by the difference between 
the amounts of these compounds in the food and in the feces. It 
seems to be practically established that the claim made by Rub- 
ner®? that the loss through non-absorption of the mineral constit- 
uents of whole wheat flour as compared with patent flour is much 
greater in the case of the former, does not rest on a sound basis, 
an observation which applies equally well to all conclusions 
reached in a similar manner. A comparison of the mineral com- 
pounds of the constituents of the food with those in the fecal 
discharge evidently can not be depended upon as a means of 
ascertaining the availability and usefulness of the ingested min- 
eral compounds. 

The foregoing data include many interesting facts, but do not 
justify final conclusions concerning the main points under invest- 
igation. On the basis already established, however, the authors 
plan to continue the inquiry with the hope of reaching a more 
complete solution of the problems involved. 


89Zeit. Biol., 19: 45, 1883. 
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AN OUTBREAK OF THE KUROPEAN 
CURRANT RUST.’ 


(Cronartium ribicola Dietr.) 
F, C. STEWART. 


SUMMARY. 


In September, 1906, the Station currant plantation 
was found to be abundantly infested with Cronartium 
ribicola, a European rust fungus hitherto unknown to 
America. It appeared in the form of a conspicuous 
orange-colored powder on the under surface of the 
leaves. Of 54 varieties representing three species of 
Ribes (2. nigrum, R. rubrum and R. aureum) 48 were more 
or less affected. It was also found on &. grossularia and 
R.irriguum. With the exception of a single affected 
leafin a plantation one-half mile west of the Station 
it was not found outside the Station grounds. 

In Europe this rust has been known for fifty years 
andis widely distributed. As a currant disease it is 
unimportant. Thechief danger from it liesinits effect 
-on white pines. In one of its stages (ecidinum) the 
fungus attacks the trunk and branches of the white 
pine causing a serious disease called blister rust. Its 


tRead in abstract, Dec. 2g 1906, before Section G of the American Asso- 
ciation for the Advancement of Science at the fifty-sixth annual meeting, held 
in New York. 
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introduction into America is to be regretted. Doubt- 
less itis a recent importation from Europe, but just 
how it came onto the Station grounds is not known. 
The only white pines in the immediate vicinity of the 
affected plantation are two small trees 125 feet west, 
planted eight years ago. Possibly these trees are the 
source of infection. 

Remedial measures consist, chiefly, in the removal 
of whichever host (pines or currants) is regarded as of 
least value. In order to stamp out the disease, if 
possible, all plants of the genus Ribes on the Station 
grounds have been destroyed. 


CIRCUMSTANCES ATTENDING THE DISCOVERY. 


While passing the currant plantation on the Station grounds 
September 26, 1906, the writer observed an unusual appearance 
of the foliage on some plants. Upon plucking one of the leaves 
for examination we were astonished to find the under surface 
yellow with a rust. Even to the unaided eye it was evident 
that the rust belonged to the genus Cronartium and upon micro- 
scopic examination in the laboratory it proved to be Cronartium 
vibicola Dietr., a currant fungus of common occurrence through- 
out Europe but hitherto unknown in America.’ 

The plantation in which the rust was found is one devoted to 
the testing of varieties. It contains about 175 plants and includes 
54 different varieties representing three species; viz., Azbes 
nigrum, R. rubrum, R. aureum. Most of the plants were set in 
the spring of 1903, being transplanted from another plantation 
about forty rods away. The remainder of the plants were set 
in the spring of 1904. They varied in height from two to five 
feet. 

Of the 54 varieties, 48 were more or less rusted while the other 
six were free from rust. The several varieties of black currants, 
Ribes nigrum, were most affected—Monarch, Clipper and Star 
being among the worst and having almost every leaf thickly 
covered with rust. In spiteof thissevere attack of rust the black 
currants were in full foliage. Some of the redand white varieties, 
FR. rubrum, also were severely attacked, but most of them were 
only slightly affected. The plants of this species had already 
lost a considerable portion of their foliage from leaf spot, Septorza 
vibis. One variety of R. aureum (Jelly) showed traces of rust. 


Dr. J. C. Arthur informs us that the only other record of the occurrence 
of this fungus in North America is that of acollection made by E. Bartholo- 
mew on A2bes aureum in Kansas in 1892. This was a solitary collection in 
the uredo stage which remained unrecognized until recently. Bartholomew 
listed the fungus (The Kansas Uredinez. Reprint from Trans. Kans. 
Acad, Science, 16:193. 1897-’98. Issued June, 1899.) as Uredo confluens 
Pers.,jbut Dr, Arthur, who has examined the specimens, pronounces it the 
uredo of a Cronartium, presumably C. ridbicola. 
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Four varieties of R. rubrum (Prince Albert, Gondouin White, 
Stultz and an unknown variety) and two varieties of R. aurveum 
(Crandall and Utah Golden) were entirely free from rust. 

The infested currant plantation was adjoined on the west by a 
plantation of gooseberries containing many different varieties. 
Only one variety (Pearl) was affected and this but slightly. 

In another part of the Station grounds, near the Director’s 
residence and about forty rods east of the infested plantation, 
there are planted sixteen different species of Ribes, including &. 
aureum, but neither A. nigrum nor R. rubrum. Of these only 
one species, R. zvriguum, was affected. There were two plants 
of 2. tvriguum and both were severely attacked. : 

A large quantity ot the rusted leaves was preserved. Speci- 
mens will be distributed in Fungi Columbiani, Century 24. 


DESCRIPTION OF THE FUNGUS. 


The fungus Cronartium ribicola was first described and named 
by Dietrich fifty years ago.’ It appears during the summer and au- 
tumn as a conspicuous orange-colored powder on the under sur- 
face of the leaves of various species of Ribes (currants and goose- 
berries). Two forms of spores, uredo- and teleutospores, are 
produced on Ribes leaves. The uredospores are ellipsoidal to 
ovoid, 19-35X14-22u with orange-colored contents and borne in 
sori forming pustules. The teleutospores are elongated, unicel- 
lular and massed together into peculiar orange-colored columnar 
processes which attain a maximum length of about two millime- 
ters. These processes are usually curved. To the unaided 
eye they appear like coarse, yellow plant hairs, hence the Ger- 
man name ‘‘Filzrost’’ (felt-rust).4 

Another form (the aecidium form) of the currant rust fungus 
occurs on the trunks and branches of Pinus spp., especially. the 
white pine,> Pinus strobus, producing a disease called blister rust 


3Dietrich (10). The number in parenthesis refers to the bibliography. 

4See Plates II and III. 

5In Europe Pinus strobus is universally known as the Weymouth pine, 
being named after Lord Weymouth who took up its cultivation actively when 
it was first introduced into England in 1705. (See Garden and Forest, 


32536. 1890.) 
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(Blasenrost of the Germans). The pine-inhabiting form was 
first described by Klebahn in 1887 asa distinct species and by 
him named Peridermium strobt.© Subsequently, through inocu- 
lation experiments made by Klebahn and others,’ it was conclu- 
sively proven that Cronartium ribicola on the currant and Perid- 
erymium strobi on the pine are not separate species but only dif- 
ferent stages of one and the same fungus. 


GEOGRAPHICAL DISTRIBUTION AND ECONOMIC 
IMPORTANCE. 


Cronartium ribicola occurs in several European countries, and 
probably in India;* but has never been found in Australia or in 
South America and in North America but once as mentioned on 
page 63, footnote 2. 

It was originally described in 1856 from specimens collected 
in western Russia. Since that time it has been reported from 
other places in Russia even tothe Ural Mts.2 on the east and 
to the Caucasus Mts.’° on the south. In Germany it is common 
and the injury. which it does to the white pine is of considerable 
economic importance. Klebahn‘'' has reported a destructive 
outbreak of the disease among white pines in the vicinity of 
Bremen in 1887. Tubeuf,’ in 1898, stated that specimens 
of it were to be found all over Germany and that it was destruc- 
tive in the northeastern part. Among other instances of severe 
damage he mentions a large nursery near the Holland border in 
which the culture of white pines had been entirely given up on 
account of the fungus. In another publication the same author 
stated that the disease was spreading and becoming a serious 
menace in Germany.'3- Eriksson‘ describes its epidemic occur- 


°’Klebahn (23). 

7Klebahn (24, p. XLIX), (26), (27, p. 31), (29, P. 333), (30, Pp. 74), (32, P- 
16), (35, p- 86); Rostrup (53, p. 187), (54); v. Wettstein (67); Sorauer (58); 
Eriksson (13, p. 380); v. Tubeuf (64); Hennings (20); Schoyen (56). 

®Tulasne (66, p. 189), mentions a Cronartium on Ribes in India. 

9Sorokin (59). 

toSpeschneff (60). 

™Klebahn (24, p. XLV). 

zy, Tubeuf (63). 

3y, Tubeuf (61). 

“Eriksson (12). 
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rence in Sweden. Bos’s states that in Holland it is so abundant 
that in many localities the culture of white pines is impossible. 
It is also reported from Belgium,*© Denmark,’”7 Norway, Switz- 
erland,’? France,”° Austria’ and England.” — 

Judging from the European literature on the subject, it ap- 
pears that as a currant disease Cronartium ribicola is regarded as 
of little importance even in those regions in which it is abundant, 
but as a disease of white pines it has caused much damage. 

American mycologists, believing that it must eventually make 
its appearance in this country, have been on ,the lookout for it 
for many years; but with the exception of the Bartholomew col- 
lection previously mentioned (footnote 2, p. 63) it has not been 
found anywhere in the Americas. No Cronartiumon any species ~ 
of Ribes and no Peridermium on /finus strobus are known to 
America. The fact that America is the home of the white pine 
makes the absence of Cronartium ribicola especially noteworthy. 
Magnus,”3 Klebahn,*4 and others have commented upon this and 
discussed the probable origin of the fungus. The most plausible 
theory advanced regarding the origin of Cvonartizum ribicola is 
that its original host was the Swiss stone pine, Pzmus cembra, 
and that it was introduced into Germany in recent times from 
Russia where Pinus cembra forms extensive forests. Schellen- 
berg*® expressed the opinion that it is also indigenous in the 
Swiss Alps on Pinus cembra: 

It is altogether probable that the apparent absence of Cvonar- 
tium ribicola from America is real;or at least the fungus cannot have 
existed here long. It is unlikelv that collectors have overlooked 
it. Both on the currant and on the pine it is conspicucus and 


SBos (5). 

t©Nijpels (44); Marchal (41), (42). 
77Rostrup (53). 

*Blytt (7); Schoyen (56). 
Fischer (15); Schellenberg (55). 
20Poirault (51). 

21v, Wettstein (67); Bubdak (8). 
Plowright (48), (49), (50). 
*3Magnus (36), (37), (39), (40). 
4Klebahn (25), (26), (30, p. 155), (34, p. 78). 
Schellenberg (55). 


PLATE I.—THr EXPERIMENT STATION CURRANT PLANTATION IN WHICH THE OUT- 
BREAK OF RUST OCCURRED. 


PLATE II.—THE UNDER SURFACE OF RUST-INFESTED CURRANT LEAVES. 
A. UREDO AND TELEUTO SORI OF CRONARTIUM RIBICOLA (4). 
B. THE SAME, MORE ENLARGED. 


PLATE IJI].—THE CURRANT AND PINE RUST, 
Cronartium ribicola. 


1, Uredo and teleutospore stages on leaf of black currant; 2, Uredospores, 
a, and telutospores, 4, cemented together to form an erect, hairlike structure 
(X50); 3, Uredospore, (300); 4, Four teleutospores, two of which are germinat- 
ing, and oneof the germ-tubes has produced four sporidia or secondary spores 
(300); 5, Aecidia on bark of white pine; 6, Aecidiospores (300). (After 
Massee.) 
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readily identified. The horn-like masses of teleutospores are 
characteristic and serve to distinguish it from other rusts occur- 
ring on Ribes leaves. 


ORIGIN OF THE GENEVA OUTBREAK. 


It would be interesting to know the origin of the outbreak 
at Geneva, but from the data now in hand it is not possible 
to locate definitely the original source of infection. It is likely 
that the fungus was imported with pines rather than with cur- 
rants or gooseberries, since it is perennial within the stems and 
branches of the pine, while on Ribes it is confined entirely to the 
leaves. The only white pines in the immediate vicinity of the 
diseased currant plantation are two small trees standing 125 
feet to the west. These were purchased from a Geneva nursery 
and set eight years ago. From a careful examination of these 
trees made in November they appeered in thrifty condition with- 
out any indication of Peridermium. Nevertheless, they may be 
the source of infection, notwithstanding their seeming freedom 
‘from disease, Peridermium strobi should be sought in April and 
May; by November it is difficult to recognize. 

The two trees just mentioned are the only white pines on the 
Station grounds; and there are no specimens of Pinus cembra, P. 
lambertiana, P. monticola or any other Pinus having leaves in 
clusters of five. The nearest other possible sources of infection 
are a 12-feet-high Pinus strobus sixty rods east, an aged Pinus 
strobus about eighty rods north and a sixteen-year-old Pinus cem-. 
bra the same distance to the southeast. There are several nut: 
series in the vicinity of Geneva and it may be that some one of 
them has imported diseased pine trees. The nearest nursery 
containing pines liable to the disease is about one-half mile west 
of the Experiment Station. It contains a block of Pinus cembra 
and some Pinus strobus imported from France. ' Here may be the 
source of infection. However, contradictory evidence is found 
in the fact that a plantation of red currants (Aibes rubrum) di- 
rectly across the road from this nursery was practically free from 
Cronartium. A careful search revealed just one leaf affected 
with Cvonartium ribicola, which was in the teleuto stage. - An- 
other plantation of red currants between the nursery and the 
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Experiment Station was entirely free from Cronartium. In fact 
the single affected leaf above mentioned is the only instance in 


which the Cronartium has been found outside the Station groun‘1s 


although the neighboring currant plantations were carefully 
searched. ‘Thus, the indications are that the source of infection 
is on the Station grounds. 

This raises the question whether it is possible that the out- 
break may have resulted from uredo- or teleutospores brought 
onto the Station grounds with imported currant plants. During 
the past ten years the Station has made several importations of 
currant and gooseberry plants, the latest one being from Hex- 
ham, England, in the spring of 1904. Can these plants have 
been the source of infection? It has already been stated that 
the aecidium stage of Cronartium ribicola occurs on certain species 
of Pinus, especially P. strobus. It has been proven that. the 
uredo stage on the currant may start from infection with aecidio- 
spores from the pine; and that the aecidium stage on the pine 
may result from infection with teleutospores from the currant.”® 
Further, it is believed, but not conclusively proven, that aecidio- 
spores can not infect pines and teleutospores can not infect cur- 
rants. The uredospores may infect currants directly, but they 
do not survive the winter. In short, in the absence of pines the 
currant rust can not perpetuate itself. This is the generally ac- 


cepted view and if it is a correct one the Geneva outbreak of 


currant rust could not have come directly from imported currants. 
However, some eminent mycologists have expressed doubt on 
this point. Eriksson,?” Fischer,”* Iwanoff,”9 Nilsson,3° and Spesch- 
neff,3* haveall cited cases of the occurrence of Cronartium ribicola 
on currants in localities where Pinus strobus was lacking; and 
Hriksson,3* particularly, has expressed the opinion that it may 


\ 


live from year to year on currants entirely independent of the 


See references given in footnote 7. 
77Kriksson (13 p. 382). 
2?Hischer (15). 
*Iwanoff (22, p. 99). 
3°Nilsson (45). 
3tSpeschueff (60). 
' Eriksson (13, p. 392). 
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aecidium stage on the pine. Kiebahn,33 on the contrary, believes. 
that this view should not be accepted without thorough investi- 
gation. In none of his numerous inoculation experiments was 
there a recurrence of Cronartium the following season. In our 
own case the outbreak on currants can not be satisfactorily ac- 
counted for except on the assumption that the two nearby Pinus 
strobus trees were diseased last spring. It may be possible to de- 
termine this point next spring. If it can be proven that these 
trees were free from Peridermium in the spring of 1906 then it 
would seem that we have here evidence in support of Eriksson’s 
view; for it is scarcely possible that pine trees sixty rods or 
more distant can have been responsible for so abundant an 
infestation. 


ATTEMPT AT ERADICATION. 


In order to stamp out the disease, if possible, every Ribes 
plant on the Station grounds has been destroyed. The two 
white pines standing by the currant plantation, also, will be de- 
stroyed if they show the disease next spring. A careful watch 
will be kept over pines and currants in the vicinity of the Station 
and in case of the appearance of the disease next season meas- 
ures will be taken to secure the prompt destruction of all affected. 
plants. Perhaps the disease may be stamped out, but the chances 
are against it. The writer knows of no record of a successful 
attempt at the complete eradication of a fungus disease of plants- 
It is rarely attempted. 

_ Even should this attempt prove successful, it can not be ex- 
pected that the disease can much longer be kept out of America. 
Considering the frequency with which pine trees are imported it 
is a wonder thatthe disease has not made its appearance here before. 


ITS PROBABLE IMPORTANCE IN AMERICA. 


It is improbable that growers of currants and gooseberries in 
America have much to fear from this new disease. Even when 
currant leaves are abundantly infested with the rust fungus they 
‘appear to be but little injured by it. On the Station grounds. 
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black currants which were badly: infested held their leaves until 
well into October. 

The chief danger from Cvonartium ribicola lies in its effect on 
_ pine trees, particularly the white pine. In parts of Europe it 
has wrought havoc among white pines and there is no apparent 
reason why it should be less destructive in America should it be- 
come established here. Indeed, it may become even moxe de- 
structive. It has not infrequently happened that a parasitic fun- 
gus introduced into a new country has become more virulent in 
its attack and caused greater damage than in its native country. 


There is also the possibility that it may extend its list of host 


plants. In Europe it is known to attack only four species of Pi- 
nus;* viz., P. strobus, P. cembra, P. lambertiana and P. monticola, 
all of which bear their leaves in clusters of five. 


TREATMENT. 


Since it is probable that pine trees and Ribes plants are both 
necessary to the perpetuation of the Cronartium, the destruction 
of all specimens of either of these two kinds of host must result in 
the extermination of the rust. Accordingly, the principal 
method of control recommended by European writers is the de- 
struction of whichever of the two hosts is the least valuable. 
Wherever there is danger of the disease, currants or gooseberries 
should not be planted near white pines. 

It is possible that on currants and gooseberries the rust ie 
be controlled by spraying with bordeaux mixture, but no experi- 
ments have been made. On the Station grounds one application 
of bordeaux mixture made as soon as the fruit had set apparently 
had no effect on the rust. 


BIBLIOGRAPHY OF CRONARTIUM RIBICOLA AND 
PERIDERMIUM STROBI. 


With the appearance of Cronartium ribicola in this country 
there is likely to come renewed interest in it. In order to facil- 
itate the labors of American mycologists who wish to examine 
the literature of the subject, the following bibliography has been 
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compiled. It is not quite complete and several of the articles 
have not been seen by the writer. By far the most important of 
the references given is Klebahn’s book, Die wirtwechselnden 
Rostpilze, which contains an authoritative resumé of the whole 
subject with numerous citations of literature. 
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Anonymous. Cronartium ribicola Fischer, nov. sp. Hedwigia, 11:182. 
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1900: 189, 

Frank, A. B. Die Krankheiten der Pflanzen. Zweite Aufl. 2:186. 1896. 
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TECHNICAL BULLETIN No. 3. 


fee AClhiON OF DILUTE ACIDS UPON 
‘CASEIN WHEN NO SOLUBLE COMPOUNDS 
ARE FORMED. 


Le THE HYDROLYSIS OF THE SODIUM SALTS 
OF CASEIN. 


L. L. VAN SLYKE anv OD. OD. VAN SLYKE. 


SUMMARY. 


1. Object.—The work of which an account is presented was 
undertaken primarily to measure more accurately the amount 
of acid that combines with casein to form a definite compound 
insoluble in water, but facts were developed which raised the 
fundamental question as to whether the action is one of real 
chemical combination and to this question chief attention is 
directed. 

2. Outline of method of work.—Casein is agitated with dilute 
acids of known strength for given periods of time, the mix- 
ture is filtered and the amount of acid taken up by the casein 
is measured by the decrease in the conductivity of the solu- 
tion, It was found necessary to work out special formulas in 
order to calculate conveniently the results of conductivity 
measurements into terms giving equivalent amounts of acid. 
In some cases, casein that had taken up acid was treated with 
water and the acid partially extracted. 

3. General scope of work.—The behavior of casein was stud- 
ied (1) with four acids of different dissociating power (hydro- 
chloric, sulphuric, lactic and acetic); (2) with N-125, N-500, 
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N-1000 and N-2000 concentrations of these acids; (3) for con- 
tact of different periods of time, ranging from 5 minutes to 
48 hours; (4) at different temperatures (0°, 25° and 45° C.); 
and (5) with dilute solutions of neutral salts (potassium 
chloride and magnesium sulphate). 

4. Solubility of casein in dilute acids.—It was necessary first 
to ascertain conditions under which casein forms soluble com- 
pounds with dilute acids in order to avoid such solution. Evi- 
dence of solution was shown (1) by viscosity of solution, 
(2) by behavior of solution on adding alkali, such as opales- 
cent or milky appearance or precipitation, (3) by the xantho- 
proteic reaction, and (4) by deviation between results obtained 
by conductivity and by titration methods. In case of solu- . 
tion, titration results are untrustworthy for measuring the 
amount of free acid in solution because the dissolved proteid 
neutralizes per se part of the alkali used for titration, and also 
gives up to the alkali any acid with which the proteid may 
have combined. Little or no solution of casein occurs 
even on several hours’ contact at o° C. with solutions not 
stronger than N-500, or at 25° C. with solutions not stronger 
than N-1000. Degree of solution is increased (a) by concen- 
tration of acid, (b) by increase of temperature, and (c) by 
prolongation of contact. The solvent action of the four acids 
studied was in the following order, from strongest to weakest: 
hydrochloric, lactic, sulphuric and acetic. The rate at which 
casein dissolves in different acids of the same normality is 
not proportional to the concentration of the H™ ions, or to 
the dissociation, but is disproportionately great for the weak 
organic acids. From solutions of equal strength, the dissolved 
proteid takes up a larger proportion of acid than does the 
undissolved. 

5. General action of acids and casein without solution.— 
Casein takes up acids from dilute solutions. For example, 
one gram of casein, shaken with 100 cc. of N-1o000 hydrochloric 
acid for 3 hours, takes from the solution nearly 50 per ct. of 
the acid. The amount of acid thus taken up is not definite 
and fixed but varies (1) with the concentration of the acid, 
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(2) with the duration of contact until equilibrium is reached, 
which requires some hours, (3) with the degree of agitation 
until equilibrium is reached, (4) with the temperature, and 
(5) with the kind of acid. Some acid is always taken up, 
however small the amount of acid used: but the acid is never 
completely removed from the solution, however large the 
proportion of casein present. 

6. Hquilibrium ratio of reaction.—The maximum amount of 
acid adsorbed by a gram of casein varies almost directly with 
the concentration of the acid within the limits used (N-125 
and N-1o000) in the case of hydrochloric, lactic and acetic acids, 
so that at equilibrium the ratio of acid in 1 gram of casein to 
the acid in 1 cc. of surrounding solution is nearly constant. 
In the case of sulphuric acid the ratio increases with dilution 
of acid. The equilibrium ratio reached when 1 gram of casein 
is treated with roo cc. of N-500 solution at 0°, is 675 for sul- 
phuric acid, 147 for hydrochloric, 80 for lactic and 36 for 
acetic. Equilibrium is reached in 2 to 24 hours according to 
(1) the acid used, (2) the temperature, and (3) the degree of 
agitation. The greater part of the acid reacting is generally 
taken up in the first half hour or hour. Increase in tempera- 
ture increases the rate at which equilibrium is approached, 
but decreases the final amount of acid taken up, when solu- 
tion of casein does not result at the higher temperature. 

7. Extraction of acid from casein.—The acid taken up by 
casein may be extracted by shaking with water. The extrac- 
tion continues until the equilibrium ratio (concentration of 
acid in 1 gram of casein divided by concentration of acid in 
I cc. of surrounding solution) is established, and then ceases. 

8. Neutral salts.—Neutral salts (potassium chloride and 
magnesium sulphate) are not adsorbed from dilute solution 
by casein. 

9. The behavior of casein with dilute acids, when no solu- 
tion occurs, suggests three different explanations: (1) an 
adsorption compound, (2) solution of acid in casein, or (3) a 
hydrolyzible salt of casein. A careful application of the 
experimental results to each of these hypotheses indicates 
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that the action appears to correspond in detail only with the 
characteristics which apply to an adsorption. — : 

10. On the basis of this explanation, the proteid precipitated 
when milk sours is free casein in which lactic acid is held 
by adsorption. | : : eae 

11. In determining the amount of alkali neutralized by 
casein, different indicators give different results. Phenolph- 
thalein has been in most common use in such work, giving 
higher results than other indicators. The object of the work 
presented was to determine the neutral point by means of 
conductivity measurements in comparison with the use of 
phenolphthalein and alkali. Our results indicate that the 
sodium salts of casein hydrolyze so readily that titration with 
alkali does not give the true equivalent weight of the proteid. 
An excess of casein, as of phosphoric acid, is required to over- 
come the alkalinity of the hydrolyzing normal salt. The 
point at which the alkalinity is overcome is indicated by the 
attainment of minimum conductivity and corresponds roughly 
with the point neutral to phenolphthalein. Because of the 
extreme weakness of its acid properties, markedly greater 
excess of casein is required to give an acid reaction with less 
delicate indicators. 


I. THE ACTION OF DILUTE ACIDS UPON 
_ CASEIN WHEN NO SOLUBLE COM- 
POUNDS ARE FORMED. 


INTRODUCTION. 


In Bulletin No. 261 it was shown that when base-free casein 
is suspended for a time in dilute hydrochloric acid and then 
filtered, the acid is not all recovered in the filtrate. According 
to the results then obtained, it appeared that one gram of casein, 
when thus treated, takes from solution about 5 ec. of N-100 HCl 
and forms with it a definite compound, which, like the casein 
itself, is insoluble. The method of determining by titration with 
standard alkali the amount of acid remaining in the filtrate 
did not, under the conditions employed, yield results that were 
more than approximate. It was thought that more satisfactory 
results could be obtained by measuring the changes in electrical 
conductivity of acids caused by treating the acids with casein. 

The special object of the work described in this bulletin was 
to secure additional data bearing on the question as to whether 
_easein combines with acids to form insoluble casein salts of 
acids, a question which has been in dispute for over fifty years 
and which has an intimate connection with the coagulation of 
sour milk and also with certain stages of cheese-making. While 
the basic property of proteids has long been recognized, it is 
within the past fifteen years that evidence has accumulated, 
furnishing more specific proof that acids combine with proteids 
to form chemical compounds; and the more intimate knowledge 
gained in regard to the constitution of proteids has constituted 
an essential part of this evidence. This view is supported by 
the work of the following investigators: Sjoqvist,t Cohnheim,? 
Cohnheim and Krieger,? Erb,* Bugarszky and Liebermann,? 

1Skand. Arch. Physiol, 5: 277. 1894. ) | 
2Ztschr, Biol., 33: 489. 1896. 
SZischr. Biol., 40: 95. 1900. 


4Ztschr. Biol., 41: 309. 1901. 
5Arch. Physiol. (ieee). 2: 51. 1898. 


80 


Matthews, Osborne,? von Rohrer,? Panormoff,* Hardy,® Mel- 
lanby® and Robertson." 

It was found that in general the amount of acid combin- 
ing with unit mass of a given proteid in solution was not 
constant, but dependent upon the concentrations of acid and 
proteid. This was explained by the hypothesis that the proteids 
act as weak bases, and consequently their combinations with, 
acids hydrolyze. Spiro and Pemsel® coneluded from the lack 
of constant combining proportions that the reaction between 
proteids and acids was not a true salt formation, but a ease of 
physical distribution of the acid between proteid and solvent 
water. In reaching their conclusions, however, they appear to 
have overlooked the effect of the hydrolysis which is to be 
expected from salts of weak bases, and the weight of evidence 
inclines entirely towards the view that proteids form chemical 
compounds with acids. 

In studying the action of acids on proteids, various methods 
have been used by different workers in measuring the amount 
of free acid that disappears as such after treatment with pro- 
teid. In the case of a soluble proteid-acid product, the com- 
pound may be precipitated and the quantity of acid that is 
held in the precipitate or left in the solution determined by 
ordinary chemical methods. ‘Titration of the solution has been ~ 
the method usually employed. As precipitants, Cohnheim and 
Spiro and Pemsel used ammonium sulphate. Later Cohnheim 
and Krieger introduced the use of calcium phospho-tungstate. 
Erb also employed this method, and his results led to the con- 
clusion that proteid-acid salts hydrolyze more completely as their 
concentrations increase, a behavior directly opposite to that of 
known hydrolyzible salts. von Rohrer, however, showed that 
the calcium phospho-tungstate method could not give accurate 
results, because the phospho-tungstic acid, lke phosphoric, 
renders accurate titration impossible. He showed that picric 


1Amer. Jour. Physiol., 7: 445. (1898.) 
2Jour. Amer. Chem. Soc., 24: 39. 1902. 
3Arch. Physiol. (Pfltger), 90: 368. 1902. 
4Jour. Russ. Physiol. Chem. Gesell., 31: 556. 
5Jour. Physiol., 33: 333. 1905. 

6Jour. Physiol., 33: 373. 1905. 

7Jour. Biol. Chem. ero lige 

8Arch. Physiol. Chem., 26: 233. 1898-9. 
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acid and dipotassium mercuric tetraiodide (K,HeI,) precipi- 
tated acid albumin containing an unvarying equivalent of acid 
independent of the excess or kind of acid, also of the tempera- 
ture, and of the precipitant used. He explains this on the 
ground that while an equilibrium exists between the acid-pro- 
teid (Alb Cl) and free proteid (Alb OH), 
AlbCl + HOH = AIbOH + HCl 

only the acid-proteid is sufficiently dissociated to react with 
the precipitant. As this is precipitated and the equilibrium 
disturbed, the reaction goes from right to left, forming 
more Alb Cl, which in turn is thrown down, until no proteid 
is left in solution, the precipitate being entirely unhydrolyzed 
acid-proteid. This method gave the acid equivalents of the 
proteids, but, as von Rohrer points out, physico-chemical meth- 
ods must be employed in order to ascertain the degree of 
hydrolysis of the proteid and the amount of acid it holds as it 
exists in solution. 

Several physico-chemical methods have been employed to 
measure the acid combined when no precipitation occurs. 
Sjoqvist used the method of electrical conductivity. Bugar- 
szky and Liebermann measured, by means of the electromotive 
force of concentration cells containing acid, the changes in con- 
centration of the latter caused by contact with proteid; they 
also measured the change in freezing point due to the addition 
of various amounts of proteid to dilute acid. Cohnheim meas- 
ured the free acid by the velocity of the catalysis of cane sugar. 

However, in the work done by most of the investigators men- 
tioned above, the compounds of proteids and acids which they 
studied are soluble, unlike the insoluble substance formed by 
treating casein with dilute acids. Osborne! has studied the 
action of hydrochloric acid upon neutral edestin suspended in 
water, concluding that it forms a monochloride insoluble in 
water. Leo? states that fibrin forms a series of insoluble com- 
pounds with hydrochloric acid. Laxa® and Richet* are, so far 

Sei hay abe 46 1380 1905. 


3Milchw. Zentbl.. 1: 538. 19 
4Compt. Rend. Soc. Biol. [Parvsl, 60: 650. 1906. 
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as we know, the only workers who have worked with casein, pro- 
ceeding upon lines similar to our previous work. lLaxa regards 
the insoluble substance formed by treating casein with lactic 
acid. as a case of chemical combination. _ He concludes that 
lactates of casein which contain one per ct. of lactic acid or less 
are insoluble in water, while lactates of casein with a higher 
content of acid are soluble. 

When the proteid-acid substance is insoluble, as in the ease of 
casein with dilute acids, the amount of acid taken up by the 
casein may be measured by determining through titration how 
much acid remains in the filtrate after the removal of the 
insoluble casein-acid. substance. The titration method, as used 
in previous work, gives misleading results, unless the condi- 
tions of treatment are such that no casein goes into solution. 
In ease of solution, the amount of acid in the filtrate, measured 
as free acid, is too high, since the titration represents not only 
the acid that has not been taken up by casein but also that 
which has combined to form soluble compounds and, in addi- 
tion, the acidity of the dissolved proteid itself. When the work 
previously published was done, the ease with which easein dis- 
solves in very dilute acids was not fully appreciated, and the 
conditions then employed permitted some solution, as we have 
since learned by repeating some of the former work. 

When no solution occurs and conditions permit the use of 
acids sufficiently concentrated for accurate titration, results 
by titration agree closely with those obtained by measuring 
electrical conductivity. In order to avoid solution, it was 
necessary to use dilutions as high as N-1000 or to have the reac- 
tion occur at low temperature. In the case of high dilution, 
accurate titration was impossible, even when solution was pre- 
vented, and therefore conductivity measurements were used in 
all eases as the basis of our work. 

When we began the work embodied in this article, we expected 
simply to measure more accurately the amount of acid that 
would combine with one gram of casein to form a definite com- 
pound insoluble in water; but we soon found the problem less 
simple than we had supposed. In one set of experiments, we 
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treated varying amounts of casein with a fixed amount of acid, 
- the larger amounts of casein being, theoretically, more than suffi- 
cient to take up all the acid, judging from previous results. 
However, we found that some free acid remained in the filtrate 
in every case and, moreover, the acid was taken up in different 
proportions by the casein. Also, in treating casein with acids 
of different concentrations, it was found that the amount taken 
up varied with the different concentrations of solution. The 
phenomena were such as to suggest something else than simple, 
definite chemical combination; and our study practically re- 
solved itself into an effort to decide what hypothesis was best 
supported by facts,—-whether that of (1) definite chemical 
combination accompanied by hydrolysis, or (2) solution of acid 
in proteid, or (3) adsorption. 

In order to obtain data which might be utilized in coming 
to a decision in regard to the kind of action involved, the 
behavior of casein was studied (1) with acids of different dis- 
sociating power, (2) with acids of different concentrations, 
(3) for different periods of time, (4) at different temperatures, 
and (5) with dilute solutions of neutral salts. 

The acids used were hydrochlorie, lactic, sulphuric and acetic. 
The concentrations of the acids used were, approximately, 
N-125, N-500, N-1000 and N-2000. 

The periods of time used for keeping casein and acid in con- 
tact varied from one minute to forty-eight hours; the periods 
usually employed were 5, 15 and 45 minutes, 114, 3 and 6 hours, 
in the case of experiments at room temperature or higher; while 
additional periods of 12, 24, and sometimes 48 hours were used 
in the case of experiments at 0° C. The temperatures used 
were 0°, about 25° (room temperature) and 45° C. The study 
of hydrochloric and sulphuric acids was made to cover more 
details than in the ease of the other acids. 
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DESCRIPTION OF METHODS, APPARATUS AND 
REAGENTS USED. 


METHOD OF PREPARING CASEIN. 


To 1 liter of fresh, separator skim-milk, we add about 6 liters 
of distilled water and enough dilute acetic acid (10 to 15 ee. of 
strong acid diluted with water to a liter) to cause complete pre- 
cipitation of casein, avoiding any marked excess of acid. The 
mixture is kept vigorously agitated while the aeid is being grad- 
ually added. The precipitate is allowed to settle, the superna- 
tant liquid is decanted or siphoned off, after which the precipi- 
tate is washed with copious amounts of distilled water, until 
the wash-water no longer shows an acid reaction to litmus. The 
precipitate is then treated with just enough dilute ammonia 
water (about 5 ec. of strong ammonia diluted to a liter) to dis- 
solve the casein, forming a solution neutral to htmus. ‘The solu- 
tion is diluted to about 6 liters with distilled water and repre- 
eipitated by dilute acetic acid. Much less acid is required for 
the second and subsequent precipitations than for the first. The 
precipitate is washed free from acid as before and then redis- 
solved in dilute ammonia. Reprecipitation and redissolving 
should be performed five or six times. The casein should not be 
allowed to stand longer than necessary in contact with either 
acid or alkali. The final filtration and washing are completed 
on a Buchner funnel, the precipitate being washed until free 
from acid. The washed precipitate is then suspended in one 
liter of N-1000 HCl and agitated for two hours, in order to 
remove any remaining inorganic salts as completely as possible. 
Two treatments of this kind are given. The casein is finally 
washed until free from hydrochloric acid and is then agitated 
for two or three hours with a liter of very pure water (showing 
a conductivity not greater than 1.5 to 1.8 x 10-°), the operation 
being repeated two or three times until the filtrate shows an 
increase of not more than 1 or 2 X 10-° in conductivity, as com- 
pared with the conductivity of the wash water used. The pre- 
eipitate is then treated with about a liter of strong alcohol and 
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ether (these reagents should show no conductivity when mixed 
with pure water), in order to remove any fat that may adhere 
to the casein. The precipitate is then dried at room tempera- 
ture, ground fine in a mortar and finally dried at 45° to 50° C., 
until the moisture content is reduced to 3 or 4 per ct. Casein 
thus prepared by us had an ash content of about 0.25 to 0.30 
per ct. We used this method of drying, because, according to 
Laqueur and Sackur,' moisture can be completely removed from 
easein only by heating to a temperature that may alter the 
nature of the proteid. Correction is made for moisture, so that 
the amounts used in our work represent water-free casein. 

It is important that the casein, when suspended in water, shall 
show little or no conductivity. With sufficient care one ean 
prepare casein that is practically conductivity-free. Hardy? 
speaks of the impossibility of obtaining suspensions of globulin 
free from conductivity. 

The thorough treatment of the casein with dilute hydrochloric 
acid and water near the end of the process of preparation ren- 
dered it probable that no salts would be left in the casein in a 
form capable of vitiating results by dissolving or reacting with 
. the acids used under the conditions of experiment. Proof of 
this was afforded by the agreement of the conductivity and 
titration results in experiments made under conditions such that 
solution of proteid was avoided, as well as by agreement of the 
equilibria obtained by different methods of treatment. (See 
Fig. 3 and Table XVIII for examples. ) 


GENERAL OUTLINE OF METHOD OF MEASURING ACIDITY. 


The method of finding the amount of acid taken up by a given 
weight of casein was, briefly stated, as follows: The casein was 
agitated in a Jena Erlenmeyer flask with a measured volume of 
acid of known strength for a given period of time, after which 
it was filtered and the amount of acid taken up by the casein 
was ascertained by means of the decrease in the conductivity of 
the solution. In a part of the work, titration results with N-100 


1Beitr. Chem. Physiol. uw. Fits 3: 206. 1903. 
2Jour. Physiol., 23: 273 905. 
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NaOH were obtained for comparison with the conductivity 
results. er 

The details of the method will be considered in the following 
order: (1) Preparation of flasks, (2) preparation of standard 
solutions, (3) measuring solutions for use, (4) preparation of 
conductivity water, (5) methods of agitation, (6) imtroducing 
casein into the acid solution, (7) filtration, (8) method of 
measuring conductivity, (9) data illustrating accuracy of 
method, (10) caleulating conductivity results in terms of con- 
centration of acid. 

PREPARATION OF FLASKS. 


Jena Erlenmeyer flasks holding 200 ee. were used in holding 
the acid and casein for reaction. It is important to use glass- 
ware which on contact with solutions will not affect the con- 
ductivity. Jena glassware was found to meet this requirement 
and it was employed in all operations where solutions were in 
contact with glassware for any considerable period of time. 
Before being used, the flasks were carefully cleaned, rinsed with 
distilled water, then with conductivity water and finally dried 
in a steam oven. 

Rubber stoppers, thinly coated with paraffin, were used in 
these flasks; the stoppers were thoroughly rinsed with con- 
ductivity water and then dried on clean filter paper before 
being used. <A test of the effect of paraffin showed it to be 
practically without influence upon the conductivity of water. 


PREPARATION OF STANDARD SOLUTIONS OF ACIDS. 


A solution of N-10 HCl was standardized by the official silver 
chloride method.t A solution of N-10 NaOH was then prepared 
by titration. By means of this, N-10 solutions of other acids 
were prepared. The acetic and lactic acids used were of the 
highest quality manufactured by Kahlbaum; the hydrochloric 
and sulphuric acids were of the purest grade made by Baker & 
Adamson. Only water of less than 2.2 X 10-° conductivity was 
used in making the standard preparations of acids. 

1U. §. Dept. Agr., Chem., Bul. No. 46. | 
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MEASURING SOLUTIONS FOR USE. 


In measuring the solutions, carefully calibrated pipettes were 
used and the solutions were delivered into the flasks with the 
smallest possible amount of exposure to the air. 


PREPARATION OF CONDUCTIVITY WATER. 


Water of conductivity as low as 1X 10-* was prepared by. 
treating ordinary distilled water with a mixture of sulphuric 
acid and potassium bichromate and then distilling. To a 
12-gallon carboy of ordinary distilled water (of conductivity 
equal to 15 to 18 x 10-°) we added in water solution 20 grams 
of potassium bichromate and 20 ec. of concentrated sulphuric 
acid, and then allowed the water thus treated to stand about 
24 hours before distillation. This was performed with a retort 
of Jena glass, arranged in the manner described by Hulett.? 
Four liters of the treated water were placed in the retort and 
the first three distilling over were collected in a Jena glass flask. 
The conductivity of the first lter of distillate was generally 
10° to 1.2 X 10°° and of the third, 1.5 to 1.8 <X10-* A con- 
densing tube of glass, after several liters had been distilled 
through it, gave as pure water as we were able to get with a 
block-tin tube. It was found unnecessary to redistil the water 
from barium hydroxide, since the laboratory distilled water 
appeared to contain practically no carbon dioxide. 


INTRODUCING CASEIN INTO ACID SOLUTION. 


The desired amount of acid is first delivered into the reaction 
flask and then to this is added the weighed amount of casein. 
In the experiments carried on at 45° and 0° C., the acid solu- 
tion in the flask was allowed to. come to the desired temperature 
before the casein was introduced. 


METHODS OF AGITATING THE MIXTURE OF CASEIN AND ACID. 


In most of the experiments made at room temperature, we 
placed the flasks in a revolving apparatus, which kept the casein 
in constant motion throughout the acid solution. In the experi- 


2Ztschr, Phys, Chem., 21: 297. 1896. 
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ments made at 0° and 45° C., the agitation was performed by 
occasional shaking by hand. When the mixtures of casein and 
acid were shaken only at intervals, the reaction rate was some- 
what slower and less regular than when agitation was continu- 
ous, the irregularity being shown by points lying noticeably off 
their curves oceasionally, but the difference was not great and, 
of course, the equilibrium finally reached was not altered. 


METHOD OF FILTRATION. 


When the casein has been in contact with the acid as long as 
desired, the liquid is filtered into a 200 ec. Jena flask through a 
platinum Gooch crucible. The receiving flasks are cleaned and 
dried in the manner already described above. The Gooch 
crucibles, before use, are rinsed with conductivity water, then a 
thin mat of asbestos, previously suspended in conductivity 
water, is formed in the bottom of each. Before use the whole 
is dried in order to prevent any dilution of the filtrate by adher- 
ent water. To insure the filtrate further against possible con- 
tamination, the precaution is taken to rinse the receiving flask 
with two portions, of a few cubic centimeters each, of the filtrate 
first drawn through, these rinsings being thrown away. In this 
way, one can filter 100 ec. of liquid in less than a minute, thus 
reducing to a minimum the exposure of the solution to air. 
Water having a conductivity of 1.5 x 10°® inereased only 0.2 to 
0.38 X 10-° after being passed through such a filter in a blank 
experiment. 


METHOD OF MEASURING THE CONDUCTIVITY OF THE FILTRATE. 


The flask containing the filtrate is closed at once after filtra- 
tion by a paraffined rubber stopper, prepared in the manner 
previously described; it is then placed in the thermostat at 
25° C. and allowed to remain until the solution has reached this 
temperature, usually about one hour. The electrical conduc- 
tivity is then measured in an ordinary Ostwald or Arrhenius 
cell. | 

After the filtrates in a number of flasks have been brought 
to the temperature of the thermostat, the conductivities can be 
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taken in rapid succession. We found the following method of 
manipulation to combine satisfactorily accuracy and rapidity in 
running a series of measurements:—The cell and electrodes are 
dried with clean filter paper after examining each filtrate, 
rinsed with the next filtrate to be tested and then placed in the 
thermostat, after which some of the solution to be tested is 
placed in the cell. After the resistance is taken, the solution 
is stirred with the electrodes a short time to make sure that the 
solution has reached the temperature of the bath. We rarely 
observed any change in the second reading. 

The reading is then taken with care, using in the resistance 
box a resistance which brought the knife contact near the center 
of the bridge, where the error is least. The solution in the eell 
is replaced by a second portion from the same flask and the 
reading repeated. The two readings are usually identical. In 
ease of disagreement, a third portion of solution is used, which 
practically always agrees with the second. In the case of the 
last portion used, three readings are taken on different parts 
of the bridge. The results usually agree within a limit of one 
part in a thousand. ; 

All measurements of conductivity were taken with a calibrated 
Wheatstone bridge by the usual Kohlrausch method at a tem- 
perature of 25° C. + 0.03° C., maintained in a thermostat by 
an Ostwald regulator. 

The capacities of the Ostwald and Arrhenius cells were deter- 
mined and frequently checked with N-50 and N-500 KCl solu- 
tions, respectively. The solutions were made by successive dilu- 
tions from a standard normal solution having a specific gravity 
at 18° C. of 1.04488 (water at 4° C.=1). The potassium 
chloride had been recrystallized four times from solution in 
conductivity water and then finally fused. 


DATA ILLUSTRATING ACCURACY OF METHOD USED IN EXPERIMENTS. 


Results obtained by the method employed could be closely 
duplicated when the conditions of experiment were uniform. 
For example, four portions of 100 ec. each of N-125 lactic 


90 


acid were treated under constant agitation for 20 minutes, each 
with 1 gram of casein. The percentages of acid taken up, as 
shown by measuring the conductivities of the filtrates, were 29.73, 
29.94, 29.64 and 29.85. The agreement of these figures may be 
regarded as satisfactory, when we consider the fact that the 
reaction is still proceeding quite rapidly at the end of 20 min- 
utes and that the exact time of contact was not quite the same 
in each ease, owing to the interval required for removing the 
flasks from the shaker and filtering. As the reaction approaches 
equilibrium, the proportion of error decreases. 


METHODS OF CALCULATING EQUIVALENT CONCENTRATIONS OF 
DILUTE ACIDS FROM CONDUCTIVITIES. 


It is important, of course, to state the results of conductivity 
measurements in terms expressing equivalent amounts of acid. 
The method of Kohlrausch,? while convenient to use when only 
a few calculations are needed, was found unwieldy for our work, 
even with the mineral acids. In the case of the weak organic 
acids, the method was practically useless, owing to the number 
of approximations required in each calculation before reaching 
an accurate result. Consequently, we worked out two simpler 
methods, one for the mineral acids and one for the organic, 
which enabled us to make the necessary calculations with com- 
parative ease and rapidity. 

Method for sulphuric and hydrochloric acids.—The purely 
graphical method is simplest in principle but involves the 
laborious preparation of very accurate curves. The purely 
mathematical calculation is, as already stated, unwieldy. 
A combination, however, of simple approximate calculation 
with a relatively small graphical correction avoids both these 
eae For the mineral acids, we used the formula 
t= gx; t =17 X10 the concentration of the acid 
based on that of N-1000 as unity; R= the. resistance of the 
acid in the cell; A = a graphic correction to R. The formula 
is based on the fact that, for electrolytes as strong as hydro- 
chlorie and sulphuric acids, dissociation is sufficiently complete 


1TLeit. d. Elek., p. 130. 
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at dilutions above N-125 to make the resistance approximately 
inversely proportional to the concentration. If the proportion 
were exact, the equation, zx => would hold good. However, 
as the concentration increases from the point where dissociation 
is not complete, R becomes too large to fit the equation exactly, 
the proportionate excess increasing with the concentration. By 
subtracting this excess, A, from R, we have the equation, 
e= re which is exact. The value of «a can easily be deter- 
mined with accuracy sufficient for results correct to one pro 
mil. by graphic interpolation, plotting values of R as abscissae 
and those of ~ as ordinates. Of course, one can use con- 
ductivities as easily as resistances, employing the formula 
a—e (k—a); k = conductivity; but more convenient curves 
are obtained by the use of resistances. After finding the values 
of ec and « for a cell of capacity K, the formula can be used 
with a cell of capacity K’ by multiplying ¢ and a by x. 

In. the case of sulphuric acid, the range of dilution (N-125 
to N-8000) was so great that it was found convenient to use two 
cells and construct a curve for the range over which each was 
employed. The curves include the correction for the influence 
of water, since water of the same character and conductivity 
was employed in finding the values of A and in the subsequent 
experiments. This is of advantage because, when working with 
mineral acids and bases, it is doubtful whether subtracting the 
conductivity of the water gives correct results. Ostwald favors 
ignoring the effect of the water, since the impurity may be of 
such a nature as even to lower the conductivity.t Kohlrausch,? 
on the other hand, remarks in discussing this plan: ‘‘ So steht 
ein solehes Verfahren vollstandig in der Luft.’’ 

The value of , for hydrochloric acid was determined from 
the table given below. The series of resistances was taken by 
repeated dilrtions of the solution in the cell by means of eali- 
brated pipettes, the series being checked by repetition and by 
duplicating the more dilute solutions with those made directly 
from N-105.8. 


1Physico-Chemical Measurements, translated by Walker, p. 235. 
2Leit. d. Elek., p. 92. 
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TABLE I.—SHOoWING VALUES OF A For HypRocHLORIC ACID. 


Equivalent 
volume 


(V) 


105.8 
211.7 
423.4 
846.8 
1694.0 


x= X108 


9.448 
4.724 
2.362 
hes Res 
0.5905 


5905 


106.1 
212.2 
424.5 
849.0 
1698.0 


= Love 
x 


= R proportional. 


R-R propor- 


tional = 


ooocdr- 
SOON woOmD 


Calculating the constant of the formula from the resistance 


at the highest dilution, we have c= a R= .5905 XK 1698 = 1003, 


ee 1003 2378K 
which gives, as the formula, = R-,==R=A corrected for K) 12 which 


Baile 2 
ohm. em. 


K equals capacity of cell based on the unit of con- 
ductivity for electrolytes. 


Similarly the formula for sulphurie acid is found to be 


ie ST the value of ~ being given below in Table II. 


For general use with cells of varying capacities, it 
is convenient to prepare a table with values of R and a 
reduced to fit a cell of capacity equal to 1. The value of R and 
A are then transposed to fit a cell of any capacity, K’, simply 
by multiplying them all by K’, since & —K’. The values for 
sulphuric acid for a cell of unit capacity are given in the 
following table (conductivity of water —1.4 xX 10°°): 


TaBLeE II. SwHowine VALusEs oF A FoR SuLPHURIC ACID wiTH CELL OF 
Unit Capacity. 
V ; z=n X108 R A 
125 8 362.3 60.3 
250 4 678.4 74.4 
500 2 1,290 82 
1000 I 2,498 82 
2000 030 4,888 57 
4000 0.25 9,662 00 
8000 0.125 19 ,320 00 


The values of AoseCaleulated for sulphurie and hydrochloric 
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acids from the resistances given, after correcting for conductiv- 
ity of water, agree within a fraction of a per ect. with those of 
Kohlrausech* as corrected by the temperature coefficients of the 
two acids.” 

Method for lactic and acetic acids..—The method used in eal- 
culating the conductivity results obtained with lactic and acetic 
acids into their acid equivalents was, like that employed for 
the mineral acids, a combination of approximate calculation 
and graphic correction, the maxima of such corrections being 
1.9 per ct. for acetic acid and 5 per ct. for lactic acid. 

The purely empirical but convenient method of approximate 
calculation was based on the following data: Representing the 
resistance of N-125 acid as R,,,, ete., it was found for lactic 
acid that R.,, = 1.50 R,,.,, while R.o..>== 1.58 R495, intermediate 
ratios ranging between 1.50 and 1.58. The percentage increase 
eaused by doubling the dilution is fairly constant, varying from 
50 to 58. For acetic acid the variation is even less. Thus, 
Teenie +t ito, And. Koo4,-- 1.45 Ryo. - Increasing by 100 
per ct. the dilution of any solution between N-125 and N-1000 
concentrations results in an increase of from 44 to 45 per ct. 
in the resistance. In general, the ratio between the percentage 
increase in dilution and the percentage increase in resistance 
is nearly constant. This relation is expressed by the following 
simple formula for use in calculation: 

(1) log x=log x, —c (log R — log R,) 

Re) =log x, —c (log k — log k,) 

These two forms allow one to calculate x from either resist- 
ance (1) or conductivity (2). The value of c is determined 
| log x,—log xa 
"log Ra—log Ro” 


,in which x = 7 X 10° = concentration sought 


from either resistance or conductivities: 


log x,—log 2 
log k,—log ka 
(= 1 for N-1000 concentration); x,=concentration of the 
strongest solution to which the formula is applied (N-125 in 
present case); ©, concentration of most dilute solution to 
which formula is applied (N-2000 in present case); Rk, R, and 


1Zeit. d. Elek., p. 160. 
*Ybid. p. 199. 
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k ,== the corresponding resistances, while k, k, and k, are the 
corresponding specific conductivities (most conveniently multi- 
phed by 10° for use). 


The formula was derived as follows: Assuming the constancy of the 
ratio between the percentage increments in resistance R and in dilution 


(or equivalent volume), V, respectively, we have,—(1) il =Cc 23 

Integrating, we have,—(2) nV = clnR+const., in which const. = InV, — 

cInRo. (3) nV =InV,+c (mR — InR,). Since x =V-, InV =— Ing, and 

(4) Inz == NX, — c (nk —Ink,). 

= — = -. InR — InRo = Ink, — Ink. Substituting (Inky — Ink) for (nR 
(a) 


—InR,) in 4, we have,—(5) Inv = Inxz, —c (Ink, — Ink). As all terms 
are logarithmic and require multiplication by the same modulus to 
change to Briggs’ logarithm, equations (4) and (5) hold without change 
for ordinary logarithms and constitute the formula already given. The de- 
termination of the constant of integration from values of V> and Ro renders 
the equation exact for a solution of x» concentration, while the determina- 
tion of c from values Xq¢ and Rg render it exact for a solution of concentra- 
tion Xq. This formula, with graphic correction, can be employed for mineral 
as well as organic electrolytes, tho not so simple as the one previously given. 


The following values were obtained for the two acids: 
Lo Xq Ry Ra 
lactic aeid.s: saw iwc re 8 0.5 2036K 11,610K 
POOLE BENG le 3 Age bares 8 0.5 6624K 28,870K 


K — eapacity of cell. 


From these values, the constants of the two formulas were 
obtained : 


log X c log Ry 
defo hey Bi cage abl (nicest th inane . 9031 1.592 4.0649 + log K 
ACRIG ACI. he ees . 9031 1.882 4.4605 + log K 


The formulas are exact for the concentrations selected as 
limits (N-125 and N-2000) and apprcximate for intermediate 
points. The corrections having been determined at a few of 
these points, the remaining ones were graphically interpolated, 
plotting as abscissae values of x calculated by the formulas, and — 
as ordinates, the corresponding corrections. These corrections, 
like those in the formula for mineral acids, include those due 
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to the influence of water. The conductivity of the latter, for 
all work with lactic and acetic acids, varied from 1.2 x 10°° to 
dees 10 *, 


TaBLE III.—SHOWING CORRECTIONS TO FORMULAS FOR LACTIC AND 
Acetic Actps. 


x calculated from resistance Corrections to x calculated. 


Equivalent by formula 
otis z=7.108 = |_————______—_ 
Lactic Acetic . Lactic Acetic 
Io 8.000 8.000 8.000 +0.000 +0.000 
250 4.000 4.140 4.025 —0.140 —0.025 
500 2.000 2.102 2.038 —0.102 —0.038 
1000 1.000 1.042 1.016 —0 .042 —0.016 
2000 0.500 0.500 0.500 +0.000 +0.000 


The series of resistances, from which the formula constants 
and intermediate corrections were calculated in the case of these 
two acids, were taken in the usual manner by dilution in the 
cell, checking the results by duplicates of the higher dilutions 
made directly from the lowest, and by running duplicate series. 

The values found for the molecular conductivity of lactic 
acid, after making correction for the conductivity of the water, 
are considerably higher than those given by Ostwald. We are 
unable to account for this difference, since we observed all 
required precautions, using Kahlbaum’s ec. p. acid and prepar- 
ing fresh N-10 solutions with which to run duplicate series. 

In taking the resistance of lactic acid, it was found necessary 
to heat the electrodes, as recommended by Whetham,? changing 
the platinum black to gray, before we could obtain accurate 
readings. 


EXPERIMENTAL RESULTS. 


While the main purpose of our work was to study the action 
of dilute acids upon casein when no soluble compounds are 
formed, it became necessary to ascertain the conditions under 
which soluble compounds are formed, in order to avoid such 


\Kohlrausch. Leit. d. Elek., 179. 
2Phil. Trans. Roy. Soc. London, Pod: 343. 19C0. 
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solution. We shall, therefore, consider this phase of our work 


THE SOLUBILITY OF CASEIN IN DILUTE ACIDS. 


The ready solubility of casein in acids of N-10 or N-20 con- 
centration, especially hydrochloric acid, has been a familiar 
fact for a long time, but little has been done in studying the 
solubility of casein in acids much above N-100 dilution. Our 
work shows that casein is appreciably dissolved at 25° C. by 


hydrochloric and lactic acids of N-1000 dilution, and by N-125 - 


acetic acid. In all cases the solubility is markedly increased by 
increase of temperature. 

Evidence of solution can be furnished by the following 
observations: ; 

(1) Viscosity of solutwon.—After being treated with casein 
by the method described on p. 85, acids show marked viscosity. 
In the case of slight solution of casein, this is shown by the 
readiness with which foam is produced when the flask contain- 
ing the filtrate is shaken, and also by the length of time the 
foam persists. The behavior of the foam is very different in 
amount and duration from that formed by agitating a solution 
of acid that contains no dissolved proteid. In the case of more 
marked solution, viscosity is more readily noticed, and the 
liquid foams noticeably while being drawn through the filter; 
it also filters more slowly. In cases of very marked solution, 
filtration, even by suction through a thin asbestos mat, was diffi- 
cult and the filtrate consisted largely of foam. 

(2) Behavior of solution on adding alkalt.—The clear filtrate 
on titration with N-100 NaOH becomes opalescent and varies 
from that to milky turbidity and even to the formation of a 
heavy curd-like precipitate, according to the amount of casein 
in solution. These phenomena appear before neutrality is 
reached and disappear before sufficient alkali is added to give 
‘a permanent color with phenolphthalein. In the case of pre- 
‘eipitation, the readiness with which the precipitate dissolves 
varies with the rate at which the alkali is added. When the 


alkali is added slowly, the precipitate forms large flakes and 
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these, once formed, redissolve quite slowly. On the other hand, 
if alkali is rapidly added in amount sufficient to redissolve any 
precipitate, the particles of casein, not having time to form 
large aggregations, redissolve almost instantly, so that only a 
transient, opaque milkiness is cbserved before redissolving takes 
place. 

(3) The xanthoproteic reaction.—The presence of dissolved | 
casein in the filtrate is readily shown by the xanthoproteic 
reaction. For the purpose of making our results comparable, 
this test was applied in the following manner: We boiled 10 ce. 
of the filtrate to be examined with 10 ec. of nitric acid (sp. gr. 
1.42) and then added about 12.5 ee. (about 2 ec. in excess of 
neutrality) of a concentrated solution of sodium hydroxide. 
A blank test was used for comparison in cases where the result 
of the reaction appeared in doubt. 

(4) Deviation between results by titration and conductivity 
methods.—When any easein dissolves, titration of the filtrate 
shows more acid than does the measurement of conductivity, 
because titration of the filtrate with alkali measures not only 
the acid not taken up by casein but also that combined with 
dissolved proteid, and, in addition, the acidity of the dissolved 
proteid itself, which in some cases may neutralize even more 
alkali than the free acid. On the other hand, the error caused 
in conductivity results by partial solution of proteid can, at 
most, amount to only a relatively small percentage, because, 
the fixation of free hydrochloric acid, for instance, to form a 
soluble proteid compound, in which the light and rapidly moy- 
ing H* ion of hydrochloric acid is replaced by the enormously 
complex and sluggish proteid radicle, results in the loss of most 
.of the conducting power of the acid. Thus, the addition of 
sufficient egg albumin to combine with all the acid in N-20 HCl 
solution, forming soluble albumin hydrochloride, results in a 
decrease of 83 per ct. in the conductivity of the solution.* 
Similarly the combination of hydrochloric acid with globulin 
results in a decrease of 76 per ct. in conductivity.2, When solu- 


— 1Sjéqvist. Skand. Archiv. Physiol. 5: 344. 1895. 
2Hardy. Jour. Physiol., 33: 273. 1905. 
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tion of casein in acid occurs, the soluble acid proteid has still, 
undoubtedly, a low conductivity of its own, as in the two cases 
just mentioned, and this will render somewhat too low the final 
results that are calculated on the assumption that the combined 
acid forms only a compound which is, like the insoluble one, 
entirely non-conducting. The error will, however, be one of a 
small percentage, particularly when only a fraction of the 
casein dissolves and: the greater part of the acid taken up goes 
to form the insoluble substance. 

The titration results, on the other hand, as will be shown 
presently, may indicate only a small proportion of acid taken 
up, or even less than none. We made determinations of acid 
in the filtrates obtained from mixtures of casein and acid in 
numerous experiments in which we used concentrations varying 
from N-125 to N-500 HCl, employing both the titration and 
conductivity methods as checks upon each other. We found 
that whenever the filtrate gave a pronounced proteid reaction, 
the titration results fell below the conductivity results and that 
the more pronounced the proteid reaction, the greater was the 
difference between the two sets of results. | 

In some cases, when the decrease in conductivity showed that 
a large part of the hydrochloric acid had been removed from 
solution or combined with casein in a soluble form, titration 
with alkali showed that the filtrate had actually a greater - 
acidity than could be accounted for by the total amount of acid 
originally used in the experiment. The titration caused a 
voluminous precipitate and the filtrate showed an intense 
xanthoproteic reaction in such cases. The increased acidity 
was due to the acidity of the dissolved proteid itself. 

There are, then, two reasons why the determinations of acidity 
by titration and by conductivity do not give concordant results 
when the solution contains dissolved proteid, the titration re- 
sults being in error. First, the dissolved casein-acid compound 
decomposes at once in the presence of alkali, freeing the acid 
previously combined. Second, the dissolved proteid also com- 
bines with and neutralizes part of the alkali. The acidity of 
the filtrate, instead of representing only the amount of acid not 
taken up by the casein, equals the acid not so taken up, plus 
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the acid that has combined with casein to form a soluble ecasein- 
acid compound, plus the acidity of the dissolved proteid. 
Experiment shows that the solution of a gram of casein in a 
given volume of acid increases by about 81% ec. the volume of 
N-10 NaOH required to neutralize the acid. This also is the 
amount of alkali required to dissolve and neutralize to phenolph- 
thalein one gram of free casein. The acidity of the casein itself 
appears to be unchanged by solution in dilute acid, whether 
or not the nature of the casein complex is changed. 

Effect of temperature wpon solution of proteid, and of solu- 
tion upon titration results.—The set of experiments described 
below shows clearly the effect of temperature upon the rate of 
solution and also the effect of solution upon the accuracy of the 
titration method as used by Van Slyke and Hart, Laxa, Leo and 
others. The experiments were performed in the manner already 
described (p. 85). Flasks containing casein and hydrochloric 
acid were kept at 0°, 25° and 45° C. in constant-temperature 
baths; they were shaken at intervals. The titrations were made 
in duplicate, agreement being within 0.1 ec. of N-100 alkali in 
all cases. The expression, ‘‘ acid fixed by casein,’’ used below 
in Table IV indicates acid taken from the state of solution as 
free hydrochloric acid, whether the union with casein be phys- 
ical or chemical or both in part, as is probably the case when 
partial solution of casein occurs. We used 100 ec. of N-125 
HCl for 1 gram of casein. The concentration of the acid used 
was 7.905 instead of 8, because the factor of the stock solution 
was a little less than unity. The weights of casein represent 
water-free casein, correction being made for the amount of 
moisture present, which was generally 3 to 4 per et., this plan 
being adopted in all our work. 

In the table below, the results are arranged to show,— 

(1) Effect of temperature on the rate of solution of casein 
in acid (columns 10 and 11). 

(2) Effect of solution on accuracy of titration results (com- 
pare columns 6 and 9 with reference to 10 and 11). 

(3) Effect of solution on amount of hydrochloric acid fixed 
by casein (compare 5 hour figures for 0°, 25°, and 45°, column 
6, with reference to 10 and 11). 
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Fig. 1.—Action of J25 HCl on casein. Showing abnormally low titration 
results at 25° and 45° C. caused by solution of casein. 
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Explanation of Fig. 1.—The results given in Table IV are 
expressed in the form of curves in Fig. 1, in which the curves 
marked ‘‘ Cond.’’ and having points marked “‘ X ’”’ express 
results obtained by the conductivity method, while the curves 
marked ‘* Titr.’’? and having points marked “‘ © ’’ express results 
obtained by the titration method. 

The numbers associated with the points X and ° express 
approximate degrees of solution of casein by acid, as indicated 
below: 


No. Appearance Color Mgs. casein in 
denoting of filtrate on produced by 10ce. of test 
degree of addition : xanthoproteic solution corre- 
solution. of alkali. reaction. sponding to color. 
Oe clear none 0. to 0D 
ae slightly opalescent slightly yellow 0.6 to 0.9 
Lan moderately opalescent moderately yellow 1.0 to 3.0 
Bigs turbid, milky deep yellow 4.0 to 6.0 
4... opaque, some precip. orange 7.0 to 10.0 
ce heavy precip. dark orange 10.0 or more 
O+.. heavy precip. dark orange larger amounts 


The figures in the last column were obtained in the following 
manner: We dissolved 0.5 gram of casein in nitric acid and 
diluted to 500 ec., each ce. containing 1 mg. of proteid. Dif- 
ferent amounts of this solution were diluted to 10 ee. each and 
tested by the xanthoproteic reaction. The same system of 
numbers will be uniformly employed hereafter to express ap- 
proximate degree of solution. 

In Fig. 1 it will be seen that at 0° C. there is comparatively 
shght solution of casein and the results obtained by the two 
methods, conductivity and titration, coincide. At 25° C., solu- 
tion becomes marked and the abnormally low curve after the . 
first five minutes furnished by titration results is strikingly 
apparent. At 45° C., the effect of solution is still more evident. 
In 15 minutes the amount of dissolved casein makes the acidity 
of the filtrate actually greater than that of the eae. N-125 
acid used. 

The results embodied in Table IV at in Fig. 1 are summa- 
rized as follows: 
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(1) Casein takes up hydrochloric acid from solution. At 
0° C., 1 gram of casein takes up from 100 ec. of N-125 HCl, 
without appreciable solution, the acid in about 50 ec., which is 
equivalent to 4 ec. N-10 acid, an amount about eight times that 
found by Van Slyke and Hart (Bulletin No. 261, p. 21). 

(2) The formation of a soluble substance from casein by the 
action of acid is effected when there is an increase in tempera- 
ture or in the time of contact between the acid and casein. 
For convenience, we may term this soluble substance soluble 
acid-casein, without considering the question as to whether it is 
a salt of casein or a proteolytic product. 

(3) More casein goes into solution in 5 minutes at 45° C. than 
in 5 hours at 0° C. 

(4) The soluble substance appears to be a compound of casein 
and acid. This is indicated by the fact that there is a decrease 
in the conductivity of the acid simultaneous with the formation 
of the soluble acid-casein. The decrease is so marked that there 
is no doubt that the formation of the soluble compound is 
accompanied by fixation of hydrochloric acid. Doubtless the 
soluble acid-casein has appreciable conductivity of its own, as 
already mentioned in the case of other proteids, so that even 
the conductivity results for the amount of acid fixed are some- 
what too low. 

(5) The method of determining by titration with alkali the 
amount of acid remaining unaffected by treatment with casein 
is thoroughly unreliable in the presence of soluble acid-casein. 

In connection with the data here presented, it would seem 
that the results of the experiments above described ought to 
emphasize the fact that caution should be used in the determina- 
tion of free acid by titration in liquids, such, for example, as 
gastric juice, which have been in contact with proteids. Simon? 
gives titration with sodium hydroxide, using phenolphthalein for 
indicator, as the method for estimating the acidity of the gastric 
contents; and he also states that the acidity is increased by the in- 
gestion of albuminous food. This would naturally be found so 
by the titration method, because the proteid in solution would 


1Physiological Chemistry, p.128. 1904. 
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neutralize part of the alkali used in titration and thus increase 
the amount required. 

Effect of temperature and concentration upon the rate at 
which acids dissolve casein.— We present below in Tables V, VI 
and VII results indicating the effect of temperature and con- 
centration of acid upon the rate at which acids convert casein 
into solution. The acids used in our study are hydrochloric, 
lactic, sulphuric and acetic; the temperatures, 0°, 25° and 45° C.; 
and the concentrations, N-125, N-500, N-1000 and N-2000. The 
numbers in the tables indicate degrees of solution, as explained 
on p. 102 in connection with Fig. 1. The figures on the left 
in each column express degrees of solution, as shown by the 
appearance of the filtrate when treated with sodium hydroxide; 
those at the right indicate the results of the xanthoproteic test. 
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TaBLE VII.—SuHowina Errect oF TEMPERATURE AND CONCENTRATION 
UPON RATE OF SOLUTION OF CASEIN BY SULPHURIC AND ACETIC ACIDS. 


(Figures show results of xanthoproteic test only.) 


; Sulphuric acid. Acetic acid. 
Time 
of — aI | reel S —— 
feontact. 
N-125 N-500 N-1000 N-125 N-500 N-1000 
25°C | oC | 25°C) 0° C | 25°C|| 0° 125°C | 0°C [25°C | OC j25nca 
15 min. Oe es Owes Disses Os. abe 0 
45 min. vi | eee (a Lives Livi ope j RS pe 0 
3 hrs. /'s Sages ae ines Lian.’ 1) oe 0 
6 hrs. 4 0 2 0 1 1 1 OL. ae 0 0 
CPA oie Bink beeen 1 £ earn ES Scie 1 Olas 0 0 
8 hie. ca ch ee eet F 5 Pee ae Dh xe Gis. 2), OP res 


The results embodied in Tables V, VI, VII are summarized 
as follows: 

(1) Comparing hydrochloric and lactic acids, it is seen that 
these two acids have about the same solvent power at 0° C. with 
the higher dilutions, but with N-125 acid the solvent power of 
the lactic acid is somewhat greater. Increase of temperature 
increases the solvent effect of lactic acid less than that of 
hydrochlorie. 

(2) Sulphuric acid dissolves casein more slowly than does 
hydrochloric acid of the same strength and at the same tem- 
peratures. 

(3) Acetic acid is distinguished for its comparatively slight 
solvent action on casein at ordinary temperature. This fact is 
of interest in connection with the method of separating casein 
from milk by precipitation with acetic acid, the method in gen- 
eral use. Its use involves a more complete separation under 
uniform conditions, and with less solvent action, than ean be 
attained by use of the other acids studied. 

(4) In order to study the effect of the acids under considera- 
tion upon casein without dissolving appreciable amounts of 
casein, it is necessary to use acid solutions as dilute as N-500 to 
N-2000 and at temperatures not above 25° C. 

Action of neutral salts upon the solubility of caseon.—In order 
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to test the effect of replacing the H* ion, casein was treated at 
room temperature with N-125 MgSO, and with N-50 KCl, the 
same method of treatment being used as with the acids. Even 
after constant agitation of casein with magnesium sulphate for 
6 hours and with potassium chloride for 28 hours, we were 
unable to obtain any eyidence of solution of casein. 

The solvent power of the dilute solutions, at least of hydro- 
chlorie and sulphuric acids, appears, therefore, to depend upon 
the presence of H* ions. However, since the solvent power of 
lactic acid is comparable with that of the mineral acids, it sug- 
gests that, other conditions being uniform, the concentration of 
the Ht ions is not the only factor. As bearing on this point, 
there is desirable a quantitative test of the solubilities of casein 
in acids of variable dissociating powers. 

The following figures represent the percentage of dissociation 
and, according to the dissociation theory, the relative concen- 
tration of the H* ions in solutions of the four acids of the 
concentrations used: 


Percentage of dissociation. 


—_— 


Equivalent pees 


volume. ae Sulphuric. Lactic. Acetic. 
Ramee OT, lg wht ere 100 82 12.2 4.6 
iN veMatray skits eis vse 100 95 22.1 Sia 
EUIOU 2.3 Wotan wee avd. 100 98 30.7 12.6 


The figures for hydrochloric and sulphuric acids are accord- 
ing to Jones and Douglas;? those for lactic and acetic acids,. 
from Ostwald.’ 

The results presented in Tables V, VI and VII show that 
hydrochloric acid has stronger solvent power than sulphuric 
acid and that lactic is stronger than acetic, results which are in 
general accord with the dissociation figures preceding, so far 
as the two mineral and the two organic acids, taken separately, 
compare with each other; but the dissolving power of the two 
organic acids, compared with that of the mineral acids, is 
entirely out of proportion to the relative dissociating powers 


14mer. Chem. Jour., 26: 434. 1901. 
2Ztschr. Phys. Chem., 3: 174 and 191. 1889. 
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of the former. Apparently the anions of the organic acids as 
well as the H* ions influence the solvent power. This solvent 
effect of the organic ions is also shown by Robertson’s! results. 
While he found that N-10 solutions of the chloride, sulphate 
and nitrate of sodium did not dissolve easein appreciably, the 
acetate, propionate, butyrate and valerate all showed marked 
solvent action. 

The solution of casein in dilute acids may be the result of the 
formation of a soluble easein-acid salt, similar to an amido salt, 
or it may be the result of the decomposition of the casein mole- 
cule, part of which is split off and gives the reaction for proteid 
in solution. In the latter case, we should expect some change 
in the properties of the undissolved portion, and this is found 
to be true. An attempt was made to determine the percentage 
of casein dissolved at 25° C. by N-125 HCl in 3 hours; the 
undissolved casein was collected in a Gooch crucible, washed, and 
dried at 100° C. At the time of filtration the undissolved 
residue: presented a swollen, gelatinous appearance and, when 
placed in the steam oven to dry, it melted completely, running 
through the perforated bottom of the crucible. The dried mass 
looked like dried albumin. The experiment was repeated with 
the same result. Casein itself can be heated to 120° C. or 
higher without visible: change, and casein that has. taken up 
-acid without any solution of the proteid does not appear either 
to swell or gelatinize, and it can be dried in a steam oven with- | 
out difficulty. When a part of the casein goes into solution, 
the undissolved residue appears to undergo some profound 
change in its properties, and this fact suggests the possibility 
of molecular decomposition. The scope of our work did not 
permit us for the time being to carry further our study into 
details of this interesting change. 


THE ACTION OF HYDROCHLORIC ACID UPON CASEIN WITHOUT 
SOLUTION. Z 
In the foregoing pages we have studied the conditions under 
which casein goes into partial solution when treated with dilute 


\Jour. Biol. Chem. 2: 338. 
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acids, and also those under which such solution may be avoided. 
Working under the latter conditions as completely as possible, 
we now purpose to ascertain to what extent and under what 
conditions casein takes up acid from dilute solutions when no 
easein dissolves. It has already been shown by both titration 
and conductivity methods. (Fig. 1, p. 101, curve for 0° C.) that 
when a gram of casein is shaken with 100 ee. of N-125 HCl at 
0° C., about one-half of the acid is removed from solution betore 
appreciable solution of casein occurs. The fact that the acid 
is thus taken up to form an insoluble substance with casein 
being shown, the question remains: Is the taking up of acid 
by casein a chemical reaction and is the resulting insoluble 
easein-acid substance a definite chemical compound, or is the 
process one of adsorption? The results which follow appear to 
indicate that the behavior of the reaction places it in the class 
of adsorption reactions, of which the adsorption of dyes and 
dilute acids by silk forms a parallel example.*. Our results. 
point to the following general conclusions: 

(1st) Contrary to the former belief of Van Slyke and Hart, 
there is no definite insoluble chemical compound formed; but the 
-amount of acid taken up by casein varies, temperature remaining 
constant, in proportion to the concentration of the acid in the 
surrounding solution. The ratio found by dividing the amount 
of acid taken up by 1 gram of casein by the amount of acid 
in 1 ce. of the surrounding solution is a constant under uniform 
conditions and can be established either by acid-casein giving up 
acid to surrounding water, or vice versa, the acid going either 
way according to the initial concentration. 

(2d) The variation in the amount of acid mi up by casein 
_ does not appear to be due to the hydrolysis of a casein-acid salt 
but rather appears to occur in accordance with the behavior 
of adsorption reactions, as will be pointed out in later discussion. 

In carrying on our study, it was important to employ con- 
ditions under which the reaction reaches equilibrium without 
solvent action on the casein. We found it necessary to use 


Schmidt. Ztschr. Phys. Chem., 15:56. 18 
Walker and Appleyard. Jour. ‘Chem. Soc. tr ondon}, Trans., 69: 1334. 1896. 
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acids not stronger than N-125 and to carry on the experiments 
at 0° C. in order to avoid solution before the casein had taken 
up all the aeid it could. Even under these conditions, long 
standing in contact with acids usually resulted in perceptible 
solution of casein, but to a degree so slight that it did not 
appear to affect the results, except. possibly in the case of the 
24-hour periods with N-125 acid. 

In the tables following, the concentration of acid in the solu- 
tions is given in terms expressing the number of ec. of N-1000 
acid equivalent to 1 ec. of solution used. The concentration of 
acid in the casein is given in terms expressing the number of 
ec. of N-1000 taken up by 1 gram of casein. 

In the third column, the figure representing the arnorint of 
N-1000 acid in 1 ee. of solution given for zero time indicates 
the exact concentration of the acid used in the-series, as deter- 
mined by measurement of its conductivity. This value gener- 
ally differs slightly from the figures corresponding to the 
normality given in the first column, because the stock solutions 
usually possessed factors varying somewhat from unity. 

In the fourth column (concentration of acid in casein), the 
amount of acid taken up by 1 gram of casein in each ease is . 
ealeulated from the difference between the original concentra- 
tion of the aqueous solution of acid and its concentration after 
contact with casein for the time stated, as in Table IV. The 


rss in which C 


calculation is based upon the formula C = 


represents the concentration of acid in casein; D, the decrease in 
concentration of acid in aqueous solution caused by contact 
with casein; V, the volume of the solution; and g, grams of 
casein used. 

In the sixth column, the figures express the ratio of the 
amount of acid in 1 gram of casein to the amount of acid in 
1 ec. of the surrounding solution at the end of the period during 
which the acid and casein were in contact. 
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TasiLE VIII.—SHowine Amounts oF HyprocHuoric Acip TAKEN uP AT 0°C, 
BY CASEIN IN CONTACT WITH SOLUTIONS OF VARYING 
CONCENTRATION. 


Concentra- | Concentra- 


Proportions nis Percentage | Ratio of ‘. 
spprittiaste| Duration | ofacid | ofacd | ,oF acid, Joomen seid] “Gr 
normality * _in water in casein solution to a iuce 
nfcanid contact. =cc.N-1000 | (=cc.N-1000 taken up |cone’n acid of 
used an 1 ey, by casein, | in water. | C2S¢2- 
N-2400 0 4168 0 0 DR oy Gael Ne cat 
200 ce 3 hrs. . 2848 26.4 4 OAT: 92.7 0 
forl gram| 6 hrs. . 2683 29.7 35.6 110.6 0 
of casein | 12 hrs. . 2400 35.4 42.4 147.7 0 
24 hrs 2406 OO ae 42.3 146.4 0 
Y—-1000 0 .9986 0 0 Qo Pict eae eS 
200 cc. 15 min. real 35.0 17.7 42.9 0 
for 45 min. aca ly 36.3 18.2 44.4 0 
l gram | 14 hrs. . 7565 48 .4 24.2 64.4 0 
of 3 hrs. .6631 67.1 33.6 101.3 0 
casein 6 hrs. .6313 73.4 36.7 116.2 0 
10 hrs .6112 77.5 38.8 plaice 1 
24 hrs .0915 81.4 40.7 142.8 1 
N-500 0 1.986 0 0 UP agan ore Gar, «= 
200 cc. 15 min. 1.670 63.2 15.9 37.8 0 
for 45 min. 1.570 83.2 21-0 53.0 0 
1 gram 14 hrs. 1.453 106.6 26.8 avack 0 
of 3 hrs. 1.383 120.6 32.0 93.9 I 
casein 6 hrs. 1.182 160.8 40.6 136.2 1 
10 hrs. e176 162.4 40.9 138.0 3. 
24 hrs. 1.142 168.8 42.5 147.5 3 
N-125 0 7.905 0 0 Ove Gaal. Barca 
100 ec 15 min. Drool 257 .4 32.6 48.2 0 
t 45 min. 4.253 365.2 46.2 85.8 0 
for 14 hrs. 4.050 385.5 48.8 95.1 2 
1 5 hrs. 3.744 416.1 Dan0 111.2 2 
com Oh. g EP tS as a SESE oe aera Se ees OTN ) SRE 
of 0 *7 .993 0 0 igs rahe ong aes 
: 12 hrs 3.306 468.7 58.6 141.8 3 
casein 94 hrs 3.188 480.5 60.1 150.8 4 
A : 3.195 (479.8 60.0 | (150.2 4. 


*Acid of 7.993 concentration was used for last two experiments of the N-125 series. 
The percentage of acid taken up from the N-125 solution is greater because only 100ce. 
of solution were used. The ratio reached (column 6) is about the same. 


The following statements summarize the results presented 
in Table VIII: 
(1) At 0° C. casein takes up increasing amounts of acid for 
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about 24 hours, when equilibrium appears to be practically 
established, as is shown by the fact that the curves in Fig. 2 
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cc. Woe HCl Fixed by gram of Casein—— 


10 Z20 ’ 30 
Hours Contact —> i 
Fic. 2.—Amounts of HCl taken up at 0° by casein in contact with 


different concentrations. Showing rate of reaction, dependence of final 
amount of acid taken up upon the concentration used and absence of definite 


combining proportions. 
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approach a horizontal position when the abscissae denote that 
length of contact between acid and casein. 

(2) The final amount of acid taken up by 1 gram of casein 
varies in proportion to the concentration of the surrounding 
acid solution, as is shown by the 24-hour results in the fourth 
column. With the range of concentrations of hydrochlorie acid 
employed, the final amount of acid taken up by 1 gram of 
casein varies from the equivalent of 35.36 to 480.3 ec. N-1000 
HCl, which amounts were taken up by casein in contact with 
solutions of acid whose final concentrations were 0.2400 and 
3.192 respectively. 

(3) If we divide the amount of acid contained in 1 gram of 
casein by the amount of acid contained in 1 ce. of the sur- 
rounding solution at equilibrium, we obtain a ratio, about 147, 
which is approximately constant, as shown in the sixth column. 
The lower value, 142.8, obtained with N-1000 acid is probably 
due to incomplete attainment of equilibrium. The slightly 
higher result in the case of N-125 acid is to be expected, since 
appreciable solution of proteid occurs. 

(4) The acid, however small the amount used, was in no ease 
completely taken up by casein, but the ratio of acid in casein 
to acid in surrounding solution approaches an equilibrium con- 
stant, about 147. 

The results given in the fourth column of Table VIII are 
expressed in Fig. 2 in the form of curves, which illustrate the 
fact that the process by: which casein takes up acid does not 
fcllow the law of definite combining proportions, and that the 
amount of acid fixed by a gram of casein in the presence of an 
excess of acid is not constant, but increases with increasing 
concentration of acid. 

Amount of acid taken wo by casein dependent upon the con- 
centration of acid present.—In order to illustrate more fully 
the fact that the amount of acid taken up by 1 gram of casein 
is dependent, not upon the absolute amount of acid present, 
but upon the concentration, we give the data embodied in 
Table IX. The three series of experiments were carried on 
at different times and for different purposes, which accounts 
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for the lack of uniformity in the time intervals used. It will 
be noticed that, while the initial concentration of the acid in the 
third series is twice that of the others, the final concentrations 
are fairly comparable in all three eases, which is due to the 
larger relative proportion of casein used in the third series. 
The mixtures were shaken constantly for the periods indicated 
and kept at 25° C. | 


TABLE [X.—SHowING RELATION OF AMOUNTS OF HypRocHLORICc AciID FIXED 
BY CASEIN TO CONCENTRATION OF AcID, 25° C. 


. Concentra- | Concentra- : 
Proportion con SH Percentage | Ratio of | popree 
apprindtnate| Duration | of acid in | of acid in | of acid.in Jeone'm acid] Gp 
normality "i ater 2 casein solution to solution 
ae cecal contact. |(=cc. N-1000/(=cce. N-1000 taken up |cone’n acid of. 
used. acid in lec. jacid in 1 gm.) py casein. | in water. | C@Sei. 
solution) casein) 
Series 1 0 .4985 0 0 0 - SR Rear 
N-2000 30 min. 4597 bs ee 7.8 69.9 0 
828 cc. for} 1 hr. .4550 36.0 Sak 79.1 0 
1 gram of | 2 hrs. .4507 39.7 9.6 87.8 0 
casein 4 hrs. .4476 42.1 10.2 94.1 0 
Series 2 0 .4985 0 0 Qo eee 
N-2000 1 hr. 4156 33.2 16.6 79.8 0 
400 ce. 24 hrs. .4064 36.8 18.5 90.6 0 
for 1 gram| 5 hrs. .4050 37.4 18.8 92.4 0 
of casein 7 hrs. .4011 39.0 19.5 97.1 0 
Series 3 0 .9970 0 0 OSA a Sears 
N-1000 15 min. 5956 44.1 44.3 79.4 0 
100 cc. 50 min. Doo 46.4 46.5 87.0 0 
for 1 gram| 13 hrs. .5181 47.9 | 48.0 92.4 0 
of casein 3 hrs. . 5066 49.0 49.2 96.8 ~ 0 


————— ene, 


The results embodied in the preceding table are also shown 
in Fig. 3 in the form of curves A and B. It is noticeable that 
the initial rate at which acid is taken from N-1000 solution is 
greater than from N-2000, as would be expected, but the two 
curves approach nearly the asymptote. The points (X and 2) 
for the two N-2000 solutions lie on the same curve A. 

Extraction of hydrochloric acid taken up by casein.—The 
reaction by which casein fixes acid is reversible. By treating 
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Concentration 


Co centyation 


L Ll 4 4 3 6 7 
Hours Co ntact ——————> 


Fie. 3.—Showing relation (curves A and B) of amounts of acid fixed 
at 25° to the concentration of acid in surrounding solution. Curve C 
shows rate of extraction of acid from casein that had taken up acid, and 
attainment of practically same equilibrium as when casein takes acid 
from solution (curves A and B) See tables IX, X, XI. 
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with pure water casein that has taken up acid, part of the acid 
passes from the casein back into the surrounding water. 

The method of performing the experiment was as follows: 
In weighed Jena flasks were placed l-gram portions of casein 
and 100 ec. portions of N-500 HCl. The mixtures were shaken 
continuously for 30 minutes, in order to allow the casein to 
take up acid under conditions not permitting appreciable 
amounts of casein to go into solution. The mixtures were then 
allowed to settle for about 5 minutes and the supernatant liquid 
decanted as completely as possible through weighed Gooch eru- 
cibles, into which the decantation usually carried 10 to 20 milli- 
grams of casein. The filtrate (1) was kept for examination. 
The crucibles were dried and weighed in order to find out how 
much casein had escaped from the flask during decantation. 
The flasks with contents were weighed after decantation in order 
to find how much free acid solution adhered to the casein par- 
ticles and the walls of the flasks; the amount varied from 2 to 
4 ec. To the casein left in each flask there were then added 
100 ee. portions of pure water, and the mixtures were shaken 
for the different periods of time, one minute to five hours, as 
indicated in Table XI, column J. They were then filtered again 
(filtrate 2). The amount of acid in each filtrate was determined 
by conductivity measurements. From the first filtrate were 
obtained the data necessary to determine how much acid had 
been taken up by the casein to form the insoluble acid-casein, 
when shaken 30 minutes with acid. From the second filtrate 
were obtained the data required to determine the amount of 
acid extracted from the insoluble acid-casein by treatment with 
pure water for the different periods of time given. The results 
were corrected for the amount of casein that escaped by decan- 


tation and also for the amount of free acid that remained 


adhering to the casein and the flask at the first filtration. The 
detailed results of the work are given below in Tables X and XI. 
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TABLE X.—SHowine Amounts or Acip TAKEN UP BY CASEIN, WITH CORREC- 


TION FACTORS. 
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*The concentration of the acid used was 1.982 before contact with casein. 


TaBLE XI.—SHOWING RESULTS OF EXTRACTION OF ACID FROM AcCID—CASEIN 


BY WATER. 
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The following statements summarize the results embodied in 
Tables X and XI: } 

(1) When casein that has taken up acid is treated with water, 
it begins to lose acid rapidly to the surrounding water, and in 
1 minute, under the conditions of the experiment, nearly one- 
half of the acid contained in the casein is extracted. 

(2) The acid continues to pass from the casein into the water 
until a certain ratio is reached between the concentration of 
acid in the casein and the concentration of acid in the surround- 
ing water, when equilibrium is established. The ratio is prac- 
tically the same as the one found by treating casein with acid 
until equilibrium is established, the final conditions of tempera- 
ture, concentration and proportions being equal. Compare 
values of ratios in column P, Table XI, with those of Table IX 
for three or more hours. 

(3) It makes no difference whether all the acid is in the 
casein or in the water at the start; it divides itself between the 
two in a ratio which, for constant conditions, is constant. 

(4) For illustration and comparison, we can use the results 
embodied in Table LX, Series 3, in which the final conditions 
of temperature, concentration and proportions are nearly the 
same as in the case of the results presented in Table XI. In 
both eases the ratio of concentration of acid in casein to that 
in water, when reached under similar conditions, is practically 
the same (that is, about 97) at the time equilibrium is estab- 
lished. _The comparison is quite strikingly shown by the curves 
of Fig. 3, B representing the result of treating pure casein 
with acid, and C representing the result of treating with water 
casein that had taken up acid. 

It will be noticed that the ratio tabulated in column P, 
_ Table XI, reaches a minimum in one hour and then gradually 
increases. This increase is probably due to the formation of 
traces of dissolved casein, which, like acid globulin and albumin, . 
as already mentioned, is doubtless a relatively weak conductor. 
The fixation of a very small amount of free acid in the form of 
soluble acid-casein would cause a noticeable decrease in the con- 
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ductivity of a solution so dilute. In the second filtrate of No. 6, 
the xanthoproteic reaction showed traces of dissolved proteid. 
Effect of temperature wpon the action of casein wn taking up 
hydrochloric acid.—The effect of increase of temperature is 
shown by a comparison of the data contained in Tables XII 
and XIII following, with those in Tables VIII and IX. The 
time of contact in the experiments was not extended beyond 
6 hours in most cases, because the casein undergoes marked 
solution when contact is prolonged at higher temperatures 
(25° and 45° C.) even in the ease of very dilute acid. The 
agitation was performed by hand at intervals and was as nearly 
uniform as possible’in all cases, except that with N-2000 acid 
at 25° C. the flasks were constantly in motion on the shaker. 


TaBLE XIJ.—SHowine AMountTs OF HypRocHLoRIC AcID TAKEN UP BY 
CASEIN AT 25° C, 


Eroperiions EES ees he Ne ety Ratio of 2 
an : ~ ye eee ofyacid in |cone’n aci Degree 
approximate D oe poe States original in casein. of. 
normality contact. |(=cc.N-1000|(=ce,N-1000 solution to solution 
of acid Bole in oes. weit 01 taken up jcone’n acid| of casein. 
used. : ) by casein. | in water. 


solution) |gm. casein 


N-2000 (See Table} IX. 
N-1000 0 .9766 0 0 Ome ets eee 


200 ec. 15 min. .7330 48.7 25.0 66.5 0 
for 1 gram | 45 min. .6971 55.9 28.7 80.2 0 
of 14 hrs. .6735 60.6 1 90.0 0 
casein 3 hrs. .6594 63.4 B2.5 96.0 0 
6 hrs. .6368 67.9 34.8 106.7 1 

N-500 0 1.984 0 0 Gia, Abete eee 
200 cc. 15 min. 1.569 83.0 20.9 tk 0 
for 1 gram | 45 min. 1.332 130.4 32.8 97.8 0 
of casein 14 hrs. 1.281 140.6 35.4 109.7 1 
3 hrs. To2bs 144.4 36.4 114.4 1 
6 hours.| 1.247 147.4 Seed | 118.2 v7 

N-125 0 7.907 0 0 Qortt taco eee 
100 cc. 5 min. 4.079 382.8 48.4 93.9 1 
for 1 gram | 15 min. 3.901 400.6 50.6 102.7 2 
of casein 45 min. 3.661 424.6 Dok 116.0 3 
24 hrs. 3.509 439.8 55.6 12574 4 
5 hrs. 3.305 460.2 D532 139.3 5 
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TaBLE XIII.—SHowi1ne AMouNtTS oF HyprocHLoric AcID TAKEN UP BY 
CASEIN aT 45° C, 


Proportions 
and 
approximate 
normality 
of acid 
used. 


N-2000 
828 ce. for 
1 gram of 

casein. 


200 ce. 
for 1 gram 
of 
casein 


1 gram 
of 
casein. 
N-125 
100 ce. 
for 1 gram 
of 


casein. 


N-1000 


Concentra- 
tion 

Duration of acid in 
fe) water 

contact. |(=cec.N-1000 

acid in 1 ce. 

solution) 

0 .4980 
30 min. .4558 
le: .4530 
4 hrs. - 4411 
0 9928 
15 min. 7782 
45 min. .6676 
14 hrs. . 6087 
3 hrs. .5808 
; - 5544 
6 hrs. } 5526 
0 1.984 
15 min. 1.408 
45 min. 1.288 
14 hrs. 1.230 
3-irs. } ee Ba 
6 hrs. tS Bs ye 
0 7.905 
5 min. 3.540 
15 min. 3.178 
45 min. 3.080 
5 hrs. 2.704 


Concentra- Percentage | Ratio of 
tion : of acid in |cone’n acid| Degree 
of acid in original] in casein. of 
Carey solution ~ to solution 
ae ae taken up |cone’n acid} of casein. 
a eae) by casein, | in water. 

0 0 Ooi ea aes 
34.8 8.4 76.4 0 
ared 9.0 81.9 0 
47 .0 11.4 106.4 0 

0 0 QO. Ace ee eee 
42.9 2156 S52 1 
65.0 Aa 97.4 2 
76.8 38.6 126.2 3 
82.4 41.4 141.9 3 

1 Beets ore 158.1 13 
88 .0 44.2 (159.3 3 

0 0 0. Ses 
115.2 29.0 81.9 2 
(108)* 

139.2 a ee 108.1 Zz 
(106) 
150.8 38 .0 122.6 2 
(76) 
162.6 41.0 13525 3 
(50) 
170.4 42.9 154.0 4 
(20) 

0 0 Qe eee 
433.5 i ees / era 3 
(204)* . 
sh SM 59.8 148.7 5 
enka 
482.7 Gi vA 156.7 o+ 

(—160) 
yg Bee | 65.8 192.8 5+ 
(—758) 


*Figures in parentheses give results obtained by titration methol end illustrate the 
effect of solution of proteid upon such results, as already shown (p. 97). 


The results embodied in Tables XII and XIII, including 
temperature results also in Tables VIIT and IX, are expressed 
in the form of curves in Figs. 4, 5, 6, and 7. The numbers above 
different points in the curves indicate the degree of solution, as 
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explained on p. 102 in connection with Fig. 1. An inspection 
of the tables and of Figs. 4-7 enables us to summarize the results 
as follows: 
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Fic. 4.—Effect of temperature on action of 5000 HCl on casein. Points 


marked ° signify no solution of casein detected. 
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Fie. 5.—Effect of temperature on action of idan HCl on casein. The 


‘numbers 0, 1, 2, ete., represent relative degrees of solution of casein. 
(See p. 102.) 
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Fie. 6.—Effect of temperature on action of 500 HCl on casein. The 


numbers 0, 1, 2, etc., represent relative degrees of solution of casein. 
(See p. 102.) 
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N 
Fie. 7.—Effect of temperature on action of 125 HCl on casein. The 
numbers 0, 1, 2, etc., represent relative degrees of solution of casein. 
(See p. 102.) 


(1) Inerease of temperature increases the rate at which equli- 
librium is approached. Thus, 25° and 45° C. curves rise more 
rapidly than those for 0° C. 
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(2) Inerease of temperature increases the final amount of 
hydrochloric acid that disappears as free acid, when there 1s 
marked solution of casein due to the higher temperature, as 
shown by curves for 45° C. in Figs. 4-7 and for both 25° and 
45° C. in Fig. 7. The soluble acid-casein apparently contains 
a larger proportion of hydrochloric acid than the undissolved 
casein, which would have the effect of raising the curve when 
the soluble form occurs. Our observation has been that solu- 
tion of casein, whether resulting from increase of temperature, 
concentration of acid or length of contact with acid, is accom- 
panied by fixation of more acid than is taken up when no solu- 
tion occurs. 

(3) When rise in temperature does not result in solution of 
proteid, it apparently decreases the amount of acid fixed. This 
may be seen by comparing the value expressed in Fig. 3 
(A and B), which indicates a value of 97 to 100 for the ratio 
of acid in casein to acid in water at equilibrium at 25° C., 
with the results in Table VIII, which indicate a value of 147 
for the ratio at 0° C. The same conclusion is shown by com- 
paring the 25° and 0° C. curves of Figs. 4, 5 and 6, which 
express results obtained with acids sufficiently dilute to avoid 
very marked solution of proteid even at 25° C. The 25° 
curves rise more rapidly at first than do those for 0°, because 
the higher temperature increases the rate at which they approach 
equilibrium. They soon approach a horizontal position, how- 
ever, and after 214 to 4 hours cross the 0° curves, evidently 
inclining toward lower equilibrium values. With N-125 acid, 
however, the concentration is sufficient to dissolve decided 
amounts of proteid within a few hours at 25° C. Consequently, 
we should expect the 25° curve as well as that for 45° in Fig. 7 
to be abnormally high, which is the case. 

It was our purpose to study the effect of temperature upon 
equilibrium under conditions such that solution of proteid would 
be more completely avoided than at the temperatures used in 
the experiments given above, using only the most dilute solu- 
tions, and hastening equilibrium by constant agitation in order 
to produce more uniform conditions, which would show in more 
regular curves. The time at our disposal for the work on easein, 
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however, did not allow us to carry out these desired details, but 
the results obtained appear to be sufficiently decisive and uni- 
form to justify the conclusions drawn. | 


ACTION OF SULPHURIC ACID UPON CASEIN WITHOUT SOLUTION. 


The study of sulphuric acid was similar to that of hydro- 
chloric, except that the temperature effect was not investigated 
in the case of sulphuric, while somewhat more attention was 
paid to the reversible character of the reaction. Because of 
the slighter solvent action of sulphuric acid, the experiments 
could be performed at room temperature. Agitation of the 
reacting mixtures was constant in all experiments. 


TABLE XIV.—SHowine AMOUNTS OF SULPHURIC AcID TAKEN UP BY CASEIN 
FROM N-125 SoLuTIon aT 25° C, 
(Proportions: 100 cc. of acid for 1 gram of casein.) 


; ° Ratio of : 

Damion |aFanet | Soreinar| eeegiee of] cata | 

of water casein original aan Ee 5 solution 
contact, Sasi ae Sr ERE ey solution taken cine: acid of 

S Ee eant e a casts - | up by casein, in aaee® casein: 

0 8.000 0 0 QO: ° eee 

5 min 3.490 451.0 56.4 129.2 0 
45 min 2.022 597.8 74.7 295.6 2 
3 hrs 1.971 602.9 75.4 305.9 3 
6 hrs 1.958 604.2 4000 308.4 4 


TABLE XV.—SHOWING AMOUNTS OF SULPHURIC AcID TAKEN uP BY CASEIN 
FROM N—500 SoxuTion at 25° C. 
(Proportions: 200 cc. acid for 1 gram of casein.) 


oncentration ti Ratio of 

Daracvion s ofan Oe ae Fercen a ue cone’n acid veers 

of water casein original aT eee solution 
contact, eae te solution taken Ce / acid of 

solution) — eters es BD Dy ee in water. Ce 

0 2.015 0 0 0 eee 

15 min. 0.515 300.0 74.4 582 0 
45 min. 0.495 304.0 75.4 614 1 
3 hrs. 0.493 304.4 15.5 618 1 
6 hrs. 0.489 305.2 TOCE 624 2 
12 hrs. 0.491 304.8 75.6 622 2 


127 


The data in Tables XIV and XV are summarized as follows: 

(1) Casein takes up sulphuric acid from dilute solutions 
more quickly than it does hydrochloric acid, the maximum 
amount of acid being taken up in little more than 45 minutes 
(Table XV) when solution of proteid does not set in. 

(2) The amount of sulphuric taken up by casein, the propor- 
tions of acid and casein being the same, is greater than in the 
ease of hydrochloric acid. 

(3) The equilibrium ratio is not even approximately a con- 
stant, but increases rapidly with the dilution of acid employed. 
This behavior is in accord with that usually observed in 
adsorption. 

Extraction of sulphuric acid taken up by casetn.—The work 
was carried out in detail in the manner described on p. 116. 
The essential results, properly corrected, are given without the 
details of correction in the table following: 


TABLE XVI.—SHOowING AMOUNTS OF SuLPHURIC AcID EXTRACTED FROM 
CASEIN BY WATER. 


— 


Ratio of. 


Duration | Ce.N-1000 | Ce.N-1000 | Ce.N-1000 | Concentra- ane ak eee 
No. of contact acid in acid acid tion ° : 
of between | acid-casein | extracted left of se eee 
experiment. | acid-casein before from in acid in ecne'neacd 
and water.| extraction. | acid-casein casein, water. tate nine 
0 301.4 0 301.4 | (.0175) | (17,220) 
1 1 min. 301.4 32.9 268.5 3291 816 
2 15 min. 301.2 35.0 266 .2 . 3489 764 
o 1 hr. 301.0 ote 263.9 3747 704 
4 24 hrs. 301.2 38.7 262.5 He dP 695 
5 


5 hrs. 299 .6 37.4 262.2 . 3704 | 708 


As would be expected from the high value of the ratio of acid 
in casein to acid in water (Table XV), the results indicate that 
sulphuric acid is not so completely extracted from casein by 
water as is hydrochloric acid. About 80 per ct. of the acid 
that can be extracted, however, by one portion of water is 
extracted in one minute. After 5 hours of constant agitation 
with the same amount of water, only about 12 per ct. of the acid 
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that had been taken up by the casein was removed, and 1 gram 
of casein then contained about 700 times as much acid as did 
each ce. of the surrounding solution. 


Concentrution H,60, in Casein 


Concentration HOO 


y in H,0 


} 000 
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Fie. 8.—Upper curve (B) represents action of water.in extracting sulphuric 


acid from casein that had taken it up. (Table XVI.) Two lower curves 


represent action of casein in taking up acid from £05 and ae solutions. 
(Tables XIV, XV.) 
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The tenacity with which sulphuric acid is held by casein is 
interesting as explaining the difficulty which Hammarsten* 
found in trying to remove sulphuric acid from casein by rub- 
bing in a mortar with successive portions of water. Van Slyke 
and Hart? found that it required 80 or 90 triturations with suc- 
cessive portions of fresh water to remove completely the sul- 
phurie acid from casein. It also appears, from the readiness 
with which a given amount of water extracts the maximum 
amount of acid by simply shaking with the acid-casein, that a 
few minutes of agitation with each of a number of successive 
portions of pure water should remove the acid as well as 
trituration. 

From the varying levels approached by the curves of Fig. 8, 
it is apparent that the equilibrium ratio of acid in 1 gram casein 
to acid in 1 ec. water is, as already mentioned above, not a 
constant, even within the limits of concentration tested, but 
increases with the dilution. In order to follow the variation 
of the ratio, the following experiment was performed: 

4795 g. of casein was shaken for two and one-half hours 
with 100 ec. of N-250 H,SO,. As indicated by Table XV and 
the curves, this time is sufficient for equilibrium to become 
practically complete, and not long enough to result in appreci- 
able solution of proteid. The suspension was allowed to settle 
until the supernatant solution was perfectly clear, then 50 ee. 
of the latter drawn oft with a pipette and replaced by an equal 
volume of conductivity water. The mixture was then shaken 
two hours and 50 ec. of the solution again replaced by con- 
ductivity water; and this process was repeated twice more. 
The 50 ec. portions drawn off were first tested for conductivity, 
then titrated with N-100 KOH. In no case was any precipitate 
noticed on titrating, and the titration results, considering the 
dilution of the solutions, agree throughout satisfactorily with 
those obtained by conductivity. Evidently no appreciable solu- 
tion of proteid occurred. 


. lJahresber. Tier-Chem., 7: 160. 1877. 
| 2N. Y. Agrl. Expt. Sta. Bull. No. 261, p. 14 
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TABLE XVII.—SuHow1nGe Errect oF CONCENTRATION OF SULPHURIC ACID 


U Vy E R con. H2 SOs in casein 
P ALUE OF ILIBRIUM RATIO ——— 37 
sees ete: a ao con. Hz SO4 in water. 


SHS Sh mk et ers ieee 
ae 8) gee |e 
Sein 5) eFs | gein] 28 an 
No, Description, £8 AES peti As 9 8 zs 
sususs| gu | Sese3| oso 
cavaes) sac |salad| Sao 
Ries o) e) ee} 
1 | Acid as used in experiment...... 4.090 | 4.08 0 0 
2 | Acid after shaking 100 c.c. with 
4795 gm. casein... 6.3.6. ee 1:547°| 1,60 509.4 | 329.4 
3 | Solution obtained by replacing 50 
c. c. of No. 2 with water and 
shaking until equilibrium was 
restored...... Litt aa aoe ac Rhee Se I .083 1.10 445.0 |. 411r.0 
4 | Solution obtained by replacing 50 
ce. c. of No. 3 with water and 
shaking until equilibrium was 
yestored soci sia ee 0.828 | 0.82 385.4 | 465.5 
5 | Solution obtained by replacing 50 
c. c. of No. 4 with water and 
shaking until equilibrium was 
TESbOTOU ee ae eee ee 0.667 | 0.64 332.7 | 408.7 


It is evident that the value of the ratio varies inversely as 
the concentration of the acid; it increases with the dilution. 
This inerease is similar to that observed in most cases of adsorp- 
tion phenomena and, moreover, occurs in accordance with the 
exponential formula, B= oY , found empirically to hold in a 
large proportion of sddoeptione. that are reported,’ in which 
8B =a constant; C,—amount of solute adsorbed per unit mass 
of adsorbent (= concentration of sulphuric acid in casein) ; 
C, = coneentration of solute in solution in contact with adsor- 
bent (= concentration of sulphuric acid in water); p, the ex- 
ponent of ¢, is a constant, dependent like B upon the substances 
and conditions; p= 1.95 in the present case. In the following 
table are arranged all the equilibrium results recorded in the 


Schmidt. Ztschr. Phys. Chem., 15: 56. 1894; Walker and Appleyard. Jour. Chem. 


Soc. 69: 1334. 1896; Freundlich. Ztschr. Phys. Chem., 57: 385. 1906. 
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foregoing tables. They show the regular increase of the ratio 
with the dilution of sulphuric acid and the approximate con- 
stancy of , independent of the manner in which equilibrium 
was obtained. 


TaBLE XVIII.—SHOWING EFFECT OF DILUTION OF SULPHURIC AcID UPON 
Ci 


EQUILIBRIUM RATIO —. 
2 


qa arpee Cos 
o foto! a); & 
ad a 9/8 
z @ d ote 
“4 eee O° 3 —™ 
hed “E 3S als] . 
Method Bs os ye arch |S | Se ws 
No. of sihtase ok Ee 'S) lo’g 8 7 ole 
equilibrium. : Be ale] RE 
Se > 2| eo aS 
23. | Be 5|5 
ss | Bs ols 
eH = Se 
1 | Shaking N—125 acid with casein..| XIV 510.6 | 308.4 | 13.5 
2 | Shaking N—250 acid with casein.| XVII | 646.5 | 329.7 | 12.3 
3 


Replacing with water half of solu- 
tion 2 in contact with acid- 
casein and shaking... XVII 923.4 | 411.0 13.4 

4 | Replacing with water half of solu- 

tion 3 in contact with acid- 
casein and shaking........... XVII | 1205. 465.5 13.3 

5 | Replacing with water half of solu- 

tion 4 in contact with acid- 


casein and shaking........... XVII | 1499. 498 .7 12.4 
6 | Shaking N—500 acid with casein.| XV 2053. 622.0 14.1 
7 | Shaking acid—casein with pure 

ATTY Sha Rega RSA ai XVI | 2703. 695.0 | 13.7 


ACTION OF LACTIC ACID UPON CASEIN WITHOUT SOLUTION. 


The work with lactic acid covers the concentrations, N-125, 
N-500, and N-1000. We used 100 ee. of each solution for 1 gram 
of casein. The method of experiment is described in detail on 
pp. 85-95. The results of the work are presented in Table 
XIX. 
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TABLE XIX.—SuHowinea Amounts oF Lactic Actp TAKEN UP BY CASEIN AT 


0° C. 
< Concentra- | Concentra- | Percentage : 
Proportion ° : 5 Ratio of . 
and Duration |-of aaa in | of aaa in Satie cone’n acid) Degree 
seth v4 bats se ( euters ee - eo sothann of 
stand contact. =cc.N- =cc..N—- solution cone’n acid casein. 
nsed ye ee ee 
N-1000 0 .933 0 0 Mien (Pe tk tte 
100 ec. ¢. 5 min. . 843 9.0 9.7 10.7 0 
for 1 gram | 45 min. 744 18.9 20.3 25.5 0 
of 14 hrs. .699 23.4 2k 33:0 0 
casein. 6 hrs. . 586 34.7 37.2 59.2 1 
0 944 0 0 Oe Se ee 
12 hrs. .ooe 41.2 43.6 40.8 1 
24 hrs. .520 42.4 44.9 82.0 it 
48 hrs. .516 42.8 45.3 83.0 2 
8) 1.922 ) 0 | Oi SA es 
N-500 5 min. 1.855 6.7 3.5 3.6 0 
45 min. 1.6 E1 SLut 16.8 19.3 0 
100 ¢. ec. 14 hrs. 1.547 eR 19.5 24.2 0 
for 6 hrs. 1.294 62.8 32.6 48.5 1 
1 gram 0 1.908 0 0 OuS Sea ee 
of 12 hrs. 1.095 81.3 42.6 74.2 1 
casein. 24 hrs. 1.069 83.9 44.0 78.5 2 
48 hrs. 1.062 84.6 44.3 79.7 2 
N-125 0 8.048 0 0 QO: axoahntise ee ae 
100 c. ¢. 5 min. 7.0738 97.5 Ted 13.8 1 
for 45 min. 6.723 13255 16.5 19.7 i) 
1 gram 14 min. 6.040 200.8 25.0 33.2 2 
of 6 hrs. 5.140 290.8 36.1 56.6 3 
casein. 10 hrs. 4.841 320.7 40.0 66.2 4 
24 hrs. 4.652 339.6 42.2 13.0 4 
30 hrs. 4.580 346.8 43.0 ; (OLE 5 


The results embodied in the preceding table may be sum- 
marized as follows: | 

(1) The amount of lactic acid taken up by casein varies with 
the time of contact and the concentration of the acid in which 
the action takes place. 

(2) The amount of lactic acid taken up at equilibrium by 
1 gram of casein varies nearly in proportion to the final con- 
centration of the free acid surrounding the casein, as we have 
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found to be true in ease of hydrochloric acid. The amount of 
lactic acid taken up under similar conditions by 1 gram of 
casein is less than in the ease of hydrochloric acid. 
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Fic. 9.—Showing amounts of lactic acid taken up at 0° by casein from 
solutions of different concentrations, and rate of reaction. 
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(3) In the case of lactic acid, the ratio obtained by dividing 
the amount of acid in 1 gram of casein by the amount of acid 
in 1 ec. of the surrounding solution is 75.7 to 838, within 
the concentrations tested when equilibrium is approached, which 
oceurs at 0° C. in 24 hours, while in the ease of hydrochloric 
eke the ratio is about 147. 


ACTION OF ACETIC ACID UPON CASEIN WITHOUT SOLUTION. 


The work with acetic acid includes experiments at 0° C. with 
N-500 and N-1000 solutions and at 25° C. with N-125 acid. 


The results are tabulated below. 


TABLE XX.—SHOWING AMouUNTS OF AcETIC AcID TAKEN UP BY CASEIN. 


_ and 
approximate 


normality of acid 


Proportion 
used, 


N-500 
100 "G; 2. 
for 
1 gram of 
casein. 


N-1000 
100 c.e. 
for 
1 gram of 
casein. 


N-125 
100 ¢. ¢. 
for 
1 gram of 
casein. 


*Evidently contamination of filtrate caused abnormally high result. 


Temperature. 


0° C. 


020. 
Ut 8 
0° C. 


25° C. 
25° C, 
25° C. 
25° C. 
25° C. 


of 


Duration 
contact 


5 min. 
45 min. 


3 hrs. 
6 hrs. 


in water 


acid 


Concentration 
(=cec. 


N-1000 
ce. 


pha geees § 


acid 


solution). 


of 


Concentration 


in casein 
N-1000 


acid 
(=ec 


gm, 


1 


Percentage of lac- 


tic acid in origi- 


solution 


nal 
taken 


by 


up 


casein. 


of cone’n 
in casein 


Degree of solution 
of casein. 


oe oe eS 


ee Oe ee ee) 


119.5 
178.6 
207 .7 
232.3 


14. 
22. 
26. 
29. 


oOowe 


bo 

CO 
Om aI 
NRK oO 


aaa 


Low conductivity 


of acetic acid renders dilute solutions very susceptible to change in conductivity by slight 


contamination. 


Briefly summarized, the results embodied in the onsen 
table indicate that,— 


ne ee 
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(1) The action of acetic acid with casein is in a general way 
_ similar to that of the other acids previously considered. 
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Fie. 10.—Comparison of different acids of 500 concentration in respect 


to their ection in being taken up by casein at 0°. 
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(2) Acetic acid is taken up by casein in considerably smaller 
amounts than are the other acids, conditions being uniform. 

(3) A comparison of the action of casein with the acids 
studied is graphically shown in Fig. 10. The curves represent 
results obtained with N-500 solution in each ease at 0° C. 


NON-ACTION OF CASEIN ON DILUTE SOLUTIONS OF NEUTRAI, SALTS. 


In order to determine the effect of displacing the H* ion from 
solution, half-gram samples of casein were shaken with 50 ee. 
portions of the pure N-50 KCl solution used for standardizing 
the conductivity cells, the duration of shaking varying from 
©) minutes to 28 hours. In no case was change in conductivity 
observed. In the case of N-125 MeS0O, solution similarly 
treated, there was a decrease of only a few tenths of a per ct. 
in conductivity. From these experiments, it is apparent that 
the H* ion is the factor in solution on which depends the fixa- 
tion of the large amounts of electrolyte previously determined 
in the experiments with the mineral acids. 


DISCUSSION OF RESULTS. 


In the foregoing pages, it has been shown (1) that when casein 
and a dilute acid, as, for example, hydrochloric acid, are shaken 
together, the final amount of acid taken up by a gram of casein 
without solution of the proteid is not constant but varies con- 
tinuously with the concentration of the surrounding acid solu- 
tion; (2) that, however small the amount of acid used, it is 
never completely taken up; (3) that the amount of acid taken 
up varies also with the temperature; and (4) that the acid 
passeseas readily from the casein into the surrounding solution 
as from the solution into the casein, moving either way accord- 
ing to the change required to establish the equilibrium ratio, 
amount of acid in 1 gram of casein divided by the amount of 
acid in 1 ce. of surrounding solution, as shown in the eases of 
hydrochloric and sulphuric acids. It is evident that no aeid- 
casein compound of constant composition is formed. Three 
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different explanations may be offered to account for the facts 
observed: 

(1) The reaction may be regarded as one of adsorption, the 
insoluble acid-casein being what van Bemmelen calls an adsorp- 
tion compound. 

(2) Applying Witte’s explanation of the fixing by fibers of 
substantive dyes, the reaction may be one of solution, the acid 
dividing itself between casein and water as resorcinol divides 
itself between ether and water, according to its solubility in each. 

(3) The insoluble acid-casein may be regarded as a hydro- 
lyzible salt, its inconstant composition. being due to hydrolysis, 
which varies with the temperature and concentration of the 
acid. . 

We will consider each of these hypotheses in their relation 
to the facts that have been developed. 


IS THE REACTION ONE OF ADSORPTION 2? 


By adsorption is meant the process whereby a solid substance 
A in contact with a solution of a dissolved substance B con- 
centrates B upon its surface, withdrawing a portion of B from 
solution without forming with it a definite chemical compound. 

In regard to the characteristics of adsorption reactions, we 
quote the five characteristic points given by van Bemmelen for 
reactions of this class :* 
~ **(1) The adsorbed amounts stand in no equivalent propor- 
tions to the adsorbing mass. 

‘*(2) The composition varies with the structure of the adsorb- 
ing substance and with all modifications which the latter under- 
goes by reason of its method of preparation, age, heat or action 
of other substances. 

‘“(3) The composition varies with the temperature. 

‘*(4) Likewise with the concentration of the solution, in case 
substances are adsorbed from their solutions; and the composi- 
tion varies in such manner that the adsorption factor k in the 


1Ztschr. Anorgan, Chem., 36:381. 1903. 
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formula © = F(k) is not constant, but is dependent upon the 
Co 

concentration of the solution according to a function that we 

do not understand. In general, however, ¢, increases more 


slowly than c,’’ (© decreases as concentration increases). 
Co 
ec, ==amount of solute adsorbed per unit mass of adsorbent. 
¢, == concentration of solute in solution. 
F = unknown function. 
In another article’ however, van Bemmelen says: ‘‘ When 
the adsorptive power is small and the solution not concentrated, 


, Perk ; Cc ; 
then, between certain limits of concentration, -! is nearly 
Cg 
constant.’’ 


In regard to the variation of oy while, as van Bemmelen 
es . 

states, an entirely general and accurate formula is unknown, 
the relation in a large proportion of adsorptions can be expressed 
p 
with a fair degree of approximation by the equation, B — ce 
Co 

8 and p being constants dependent in value upon the active 
substances and the conditions. The formula has been found to 
hold by Freundlich, Walker and Appleyard, and Schmidt. 
(loc. cit.) In the experiments of Schmidt, p was found to vary 
from 2 to 10, while in those of Freundlich (loe. cit. p. 396) 


p did not vary greatly from 2 in most cases. When p becomes 


) 


unity, the formula applies to the case in which ©! = constant. 


C 

‘*(5) The velocity with which the formation of ai adsorption 
compound occurs decreases continually as more substance is 
adsorbed and the adsorption approaches equilibrium.’’ In 
another article van Bemmelen? says: ‘‘The adsorption begins 
with great speed and decreases continually as more sub- 
stance is adsorbed and equilibrium is approached. With con- 


_ 1Ztschr. Phys. Chem., 18:33. 1895. 
2Ztsch. anorg. Chem.. 23: 345. 1900. 
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stant shaking, the latter is usually reached in one to three 
hours. ’’ 

To the above we may add the two points following: 

(6) The reaction approaches a true equilibrium, which can 
be approached from either side, as stated by Ostwald,’ and as 
shown by the work of Freundlich,? and also by Walker and 
Appleyard. 

(7) Ostwald? expresses graphically as follows the character- 
istic relation between the concentration of the solution and 
amount of solute adsorbed. Using rectangular coordinates, if 
one plots dilutions of the solution as ordinates and amounts of 
solute adsorbed as abscissae, the resulting curve will be nearly 
a hyperbola. 

Of the above, the first and most important point corresponds 
entirely with the facts observed in the reaction between casein 
and acids. ‘There are no definite combining proportions. 

None of our data bears upon the second point, since the casein 
was all prepared and kept by one uniform method. 

The third statement is in harmony with our results. In the 
eases tested, temperature was found to have a considerable 
influence upon the amount of acid fixed. 

Regarding the fourth point, it was found that in all cases the 
fundamental principle was complied with: the amounts of acid 
taken up per gram of casein at equilibrium depend upon the final 
concentrations of the solutions. In the eases of hydrochlorie, 
lactic, and acetic acid, ey (— pee og ec aS) is nearly 

C5 concentration acid in water 
constant. This, according to van Bemmelen, may occur when 
solutions are dilute and adsorptive power weak. While the 
adsorptive power, particularly in the case of hydrochloric acid, 
is not weak, the solutions were very dilute. In the ease of sul- 


; : : - : c 
phurie acid, where adsorption is much stronger, the ratio —1 

C2 
mereases with the dilution, in accordance with the usual 


ILehrb. d. Allg. Chem. 2d Aufl. 1, 1903. 
2Toc cit. p. 389. 
3Loe cit. 
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behavior of adsorptions, and the increase occurs in accordance 


cP 
with the exponential formula, B a , which has been found 


to hold in a large proportion of anaes p being 1.95 in 
this case (p. 130). If p be taken nearly equal to unity, the same 
formula holds for the other acids. | | 

In velocity, the reaction, agreeing with van Bemmelen’s fifth 
criterion, begins with great speed, and becomes slow as equi- 
librium is approached. Particularly when the mixtures of 
casein and acid are subjected to constant agitation so that the 
casein does not have to wait for acid to reach it by diffusion, 
the initial velocity was enormous, the curves being nearly paral- 
lel to the ordinate axis for some distance. Negative accelera- 
tion is, of course, observed in reactions in general as they 
approach equilibrium, so that no great force is to be attributed 
to this characteristic for the purpose of classifying the reaction, 
although the enormous initial velocity is not usually- observed 
in intermolecular reactions requiring considerable time for 
completion. The great velocity with which acid is extracted by 
water from the insoluble acid-casein furnishes a marked con- 
trast to the stability of the precipitated acid albumin of von 
Rohrer, an apparently true chemical compound, which could be 
washed with water without changing materially its acid content. 

The fact that the equilibrium can be approached from both 
sides has been shown in the eases of both hydrochloric and sul- 
phurie acids. 

As shown in Fig. 15, the curves obta ned in the manner indi- 
cated by Ostwald are similar to the hyperbola. © 

From the foregoing considerations, it is evident that the 
reaction between casein and dilute acids shows the characteristics 
of adsorption phenomena. 


IS THE REACTION A CASE OF SOLUTION OF ACID IN CASEIN? 


Most of the qualitative characteristics of the reaction, such 
as the lack of definite combining proportions and the ability of 
the acid to divide itself according to a definite ratio between 
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casein and water, are characteristics of the partition of a solute 
between two solvents, as well as of adsorption. The behavior 


of the ratio % in the case in question particularly when sul- 
c 
phurie acid is meoneideved. does not, however, correspond to the 
conditions of distribution in such cases. To quote Walker? in 
regard to the law of distribution in solution: ‘‘If the molecular 
weight of the substance in one solvent is n times as great as its 
molecular weight in the other solvent, then, when equilibrium is 
attained, the nth root of the concentration in the first solvent 
will bear a constant ratio to the concentration in the second 
solvent.’’ According to this, the molecular weight of hydro- 
chloric acid would have to be regarded as the same in water 
that it is in its hypothetical solution in casein, in order that the 
ratio of concentration of acid in casein to concentration of acid 
water should be constant. As is shown, however, by the freez- 
ing point, osmotic pressure and electrical conductivity of hydro- 
chlorie acid solutions, the hydrochloric acid molecule is almost 
completely dissociated in water at the concentrations employed. 
An equal degree of dissociation is required by the laws of solu- 
tion for the hydrochloric acid in the easein, where it is from 
100 to 150 times as concentrated as in the water. This would 
require us to regard casein as a solvent having a remarkable 
dissociating effect, far surpassing that of water, which is very 
improbable. In the ease of the reaction with sulphuric acid in 
which the ratio decreases as concentration of acid in water 
increases, the laws of solution require a much smaller molec- 
ular weight for the sulphuric acid in casein than that of sul- 
phurie acid in water solution, which is clearly an impossibility. 
From the foregoing considerations, it is evident that the hypo- 
thesis of solution does not apply to the action under consideration. 


IS THE ACID-CASEIN SOLID A HYDROLYZIBLE SALT? 


In ease the insoluble acid-casein were a hydrolyzible salt of 
an acid, as hydrochloric acid, casein acting as a weak base, we 


1Jour. Chem. Soc. [London], Trans., 69: 1335. 1896. 
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should observe the same qualitative characteristics as those noted, 
viz., the dependence of the amount of acid taken up by casein 
upon the concentration used and upon the temperature, and a 
loss of acid when the insoluble acid-casein is shaken with pure 
water. We should, however, expect somewhat more hydro- 
chloric than sulphuric acid, reckoned in equivalents, to be taken 
from solution of equal concentrations, since hydrochloric acid 
is somewhat the stronger acid. Instead, the amount of sulphuric 
acid taken up is much the greater. J*urthermore, according to 
the law of mass action and the behavior of chemical reactions of 
this class, equilibrium would always be reached when the con- 
centration of the free acid had been reduced to a certain con- 
stant value, the amount of acid held by casein being no factor 
in the equilibrium so long as all the basic valences of the latter 
were not neutralized. According to the law of mass action, if 
we regard the insoluble acid-casein as a salt of an acid, say 
hydrochloric acid for example, hydrolyzing in accordance with 
the hypothetical equation, 

Casein Cl yty H,O — Casein (OH)y ty HCl, 

(acid-casein ) . (free casein) 
equilibrium must be reached when 

Ciicr X Coasein (OF) y eS: 

Ci,0 XC casein Cl y . 
in which C,,,,== concentration of HCl; C,,..3, (OH) y == coneen- 
tration of free casein, etc.; y—=basic valence of casein; K, =a 
constant dependent on temperature. The hydrochloric acid is 
the only reagent of variable concentration. Consequentlyt the 
equation simplifies to C,,. = K,. 

The accuracy of this form of equation for reactions involving 
only one substance of variable concentration has been repeatedly 
proved by well-known reactions. In the decomposition of 
CaCO, by heat, Coo, K,. In the reaction by which ammonia 
and CaCl, combine, the pressure (concentration) of ammonia 
at equilibrium depends only on the temperature. The same is 


1“Only gaseous and dissolved substances have varying concentrations.’’ (Ostwald, 
Principles of Inorganic Chemistry. Translation by Findlay, p. 327, 1902.) 
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true of the reaction between PbO and NH,Cl, in which ammonia 
is formed.* 

As examples in which the reaction is Pama and therefore 
especially comparable to the hypothetical hydrolysis of insoluble 
acid-casein, the hydrolyses of mercurous sulphate and of the 
picrate of diphenylamine may be noted. The first reaction was 
studied by Gouy? and by Hulett. It occurs in accordance with 
the equation, 

3 Hg,SO, + 2 H,O == = (He (OH )). (He.S0;)-+ 2 HeHsa,,. 
The HeHSO, is relatively the only soluble substance and con- 
sequently the only one of varying concentration. Equilibrium 
is reached when C,, HS0, = Constant, this constant, concentra- 
tion at 25° C. being 0.00225 molecular weights in grams per 
liter. When Hg,SO,, or a mixture of it with the basic salt, was 
shaken with water, hydrolysis always proceeded until the con- 
centration of the HeHSO, reached this value, and no further 
hydrolysis occurred unless the mixture of salts was treated with 
fresh water, when the process again went to the same limit, and 
it could be repeated until all the Hg,SO, was changed. Hulett 
treated a portion of Hg,SO, thus with 43 successive portions 
of water and found at-the end of each treatment (of 12 hours) 
the same concentration of HeHSO, in solution. The forty-third 
treatment exhausted the Hg,SO, and further treatment had no 
effect except to dissolve traces of the basic salt. 

The picrate of diphenylamine, like all salts of this base,* is 
hydrolyzed by contact with water, with formation of picric acid 
and diphenylamine. Both diphenylamine and its picrate are, 
like casein and acid-casein, practically insoluble. The picric 
acid is, therefore, the only reagent of variable concentration. 
Walker® found that picric acid (saturated solution) placed in 
contact with varying excess portions of diphenylamine always 
combined with it until the concentration of the acid was reduced 
to 13.8 mgs. per ee. If picric acid of less concentration than 

lIsambert. Compt. Rend. Acad. Sci. [Paris], 102:1313. 1886. 

2Compt. Rend. Acad. Sci. [Paris], 130: 1399. 1900. 

3Ztschr. Phys. Chem., 49: 491. 1 


4, 
4Meyer and Jacobson Lehrbuch der Organishe Chemie, II (1) p. 177. 1902. 
5Jour. Chem. Soc. [London], Trans., 69: 1341. 1896. 
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13.8 mgs. per ce. was placed in contact with diphenylamine, no 
combination occurred. 

From the preceding discussion of adsorption reactions and of 
hydrolysis in which, of the reacting substances, only the acid 
has variable concentration (that is, is soluble), it is evident that 
the two kinds of reactions are represented by curves with char- 
acteristic differences as shown in Figs. 11 and 12. 


C oncentyation Aid —> 


Duration of Reaction —> 


Fig. 11.—Typical curves for combination of acid to form hydrolyzible 
salt, both base and salt being insoluble. 

The four curves in each of the diagrams represent the theo- 
retical effect of contact with an excess of insoluble base (Fig. 11) 
and with an adsorbent mass (Fig. 12), respectively, upon por- 
tions of acid of varying concentration, the conditions used, other 
than concentration of acid, being the same for the four cases 
represented in each figure. 
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The diagrammatic curves of Fig. 11 signify that,— 

(1) When an insoluble base forming an insoluble hydroly- 
zible salt is treated with acid of the equilibrium concentration 
(curve 3), as, for example, 13.8 mgs. per ec. in the case of picric 
acid and diphenylamine, none of the acid is combined, so that 
its concentration remains constant. 


s 


Concentration Acid —— 


~Duyation of Reaction—> 


Fig. 12.—Typical curves for adsorption. 


(2) Likewise, when the initial concentration is less than that 
required for equilibrium, none is combined (curve 4). 

(3) When the initial concentration is greater than that 
required for equilibrium (curves 1 and 2), acid is combined 
until the concentration of free acid is reduced to the equilibrium 
value, which is the same, whatever the initial concentration of 
the acid. 
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The curves of Fig. 12 signify that,— 

(1) When an acid or other substance is adsorbed from solution, 
the initial concentration, however small, is always reduced by 
contact with the adsorbent. 

(2) The equilibrium concentration varies with initial con- 
centration in each ease. There is no equilibrium constant for 
the concentration. 
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Fig. 13.—Showing decrease of concentration of free hydrochloric acid 
resulting from action of casein in taking up acid. (Table VIII, column 3.) 
Comparison with Figs. 11 and 12 shows that the curves are characteristic 
of adsorption. 
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The curves of Fig. 13 express results obtained with four 
initial concentrations of hydrochloric acid, as given on p. 111, 
Table VIII, column 3. Similar curves are obtained by plotting 
the results tabulated for the other acids. The forms of the 
eurves (compare with Figs. 11 and 12) -show clearly that the 
reaction has the characteristics noted above for adsorption and 
does not fulfil the requirements of the formation of a hydro- 
lyzible salt. 

This fact is brought out even more strikingly by the appli- 
eation of Ostwald’s graphic eriterion for adsorption. Accord- 
ing to this if, using equilibrium data, one plots dilutions of the 
solution as ordinates and amounts of solute adsorbed as abscissae, 
the characteristic curve for adsorption is similar to a hyperbola. 
In the ease of formation of a hydrolyzible salt of the kind in 
question, the curve would be very different. For the combina- 
tion of any acid at all, the dilution could not exceed that cor- 
responding to the concentration constant. Nor, until the base 
is completely neutralized, can acid in contact with it at equi- 
librium be of less dilution than the constant, since the acid will 
continue to combine until that dilution is reached. Conse- 
quently, as more acid is added to a solution in contact with the 
base, the latter takes it up, keeping the dilution constant until 
the basic valences are all saturated, the curve expressing these 
conditions being a horizontal line. Further addition of 
acid simply decreases the dilution, since further combination is 
impossible, and the curve drops perpendicularly. The two types 
of curves are illustrated in Fig. 14. Curves 1 and 2 represent 
adsorptions following the equation B = Cr in which p has the 

: Ca 

values 1 and 2 respectively. In the former case the curve is 
a true hyperbola. In the latter it represents the average rela- 
tions observed by Freundlich in adsorption by charcoal. The 
rectilinear curve 3 represents the conditions in the formation of 
-a solid salt, as described above. In Fig. 15 the results experi- 
mentally obtained with the various acids are graphically repre- 
sented. Comparison with Fig. 14 shows that the reactions 
represented are adsorptions. 
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Equivalent Volume of Solution— > 


Amt A cid Fixed per 3: of solid 


Fic. 14.—Typical curves contrasting relations in adsorption, with those 
in formation of an insoluble hydrolyzible salt from an insoluble base. 
The adsorption curves are plotted in accordance with the exponential 


C,P 


formula 6 = Arrows above curves indicate direction of change 


caused by addition of acid. 
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Equivalent Volume of Solution —> 


40 %0 120 |60 200 400 600 
ccsi> Acid Fixed by Ig. Casein——> 


Fie. 15.—Curves express relation at equilibrium between dilution of 


various acids and amounts fixed by one gram of casein. 
omparison with Fig. 14 shows that the curves are characteristic of 


adsorption. 
Comparison of the curves with each other at the same dilution shows 


the relative amounts of the different acids adsorbed. 
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From the results presented above, it is apparent that the 
reaction by which undissolved casein reduces the concentration 
of an acid solution is one of adsorption and not the formation 
of either a stable or a hydrolyzible salt, as is shown by the 
absence of either constant combining proportions or a constant 
concentration of acid at equilibrium. 

Casein is not the first proteid whose adsorptive power 
for acids has been studied. Walker and Appleyard? 
found that silk fixed varying proportions of mineral, 
fatty and aromatic acids, the aromatic being adsorbed 
most completely, mineral acids next, and fatty acids 
least; and it was shown that the reaction was one of adsorption. 
Schmidt? found that the process by which silk fixed the acid 
dye, eosin, is one of adsorption and concluded from this and 
other data that the dyeing of silk is an adsorption phenomenon, 
Sjoqvist®? found that coagulated egg albumin takes hydrochloric 
acid and sulphuric acid from solution, and that the acids could 
be re-extracted from the albumin with water, the reaction being 


characteristic of adsorption, although Sjoqvist attributes it 
a priort to the formation of a hydrolyzible albumin-acid salt. 


Using in each ease 2 grams of albumin for 100 ec. of acid, he 
found that in five minutes, 72, 83 and 91 per ct. of the acid was 
removed from solutions, respectively, of N-10, N-20 and N-40 
concentration. It is apparent that, although the time of reaction 
was too short to permit final conclusions, the results suggest an 
adsorption, inasmuch as the concentration of the acid was re- 
duced, in all cases and more markedly as dilution increased, and 
showed no tendency towards an equilibrium constant. Hardy* 
ealls attention to the fact that the reacting masses of dissolved 
elobulin and acid are not constant, and he is inelined to 
suggest the possibility that the relation between electrolytes 
and proteids, even in solution, may be one of adsorption, the 
proteid molecules being gathered into minute masses in sus- 
pension, which form an ‘‘ inner phase’’ more or less rich in 


1Jour. Chem. Soe. Fer aber 69: 1334. 1896. 
2Ztschr. Phys. Chem., 15: 1894. 

3Skand. Arch. Physiol., 5: oe 1895. 

4Jour. Physiol., 33: 300. 1905. 
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adsorbed electrolyte. Hardy emphasizes the ‘‘ need for cau- 
tion in regarding the reaction between proteids and acids as 
one of simple salt formation. The possibility of the phenomena 
belonging to the intricate borderland of adsorption combination 
must not be lost sight of.’’ 

The selective action of casein in taking acids but not neutral 
mineral salts from solution is paralleled by that of charcoal. 
Freundlich (loc. eit.) finds that a carefully purified preparation 
of the latter adsorbs mineral and organic acids, particularly 
the latter, but alters the concentration of mineral salts by less 
than one per ct. In this case the adsorbent is equally inert 
in a chemical sense towards either acids or salts. The reaction 
is purely one of surface energy, independent of any possibility 
of chemical combination between adsorbent and dissolved sub- 
stance, and the same may be the case with casein. 

It appears, however, that in all cases adsorptive power and 
the tendency to react chemically are not so sharply separated. 
van Bemmelen' says: ‘‘If P and C (adsorbent and dis- 
solved substance) are indifferent to each other according 
to the ordinary chemical conception, an adsorption may 
occur, but it is in many cases only a weak one.’’ 
He found that the hydrogel of S10, adsorbed strong bases much 
more strongly than strong acids or salts. MnO,, which has acid 
properties and can combine chemically with strong bases, adsorbs 
alkali better than it does acids or salts. Metastannic acid, which 
can form combinations with acids, adsorbs potassium chloride 
weakly, hydrochloric acid strongly. From these and other simi- 
lar facts, van Bemmelen concludes that it appears that ‘‘ in 
many eases adsorption is distinguished as the forerunner of 
chemical combination.’’ Adsorption is strong in many cases 
when, under other conditions or by gradual inner changes, 
chemical compounds can be formed. For example, van Bem- 
melen found? that colloidal silica in contact with barium 
hydroxide adsorbed the latter in accordance with the eriteria of 
adsorption, so long as barium hydroxide of less than a certain 


1Ztschr. Anorgan. Chem., 23: 342. 
2Ztschr. Anorgan. Chem., 36:380. 1903. 
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concentration was used. When this concentration was exceeded, 
combination occurred and a compound having the composition 
BaSiO,-6 H,O separated in crystalline form. In double trans- 
position in solution, as between salt and salt, the new compound 
is often precipitated as a colloid and changes later into a 
chemical compound of erystalline form and definite composition. 
It is questionable whether the colloidal precipitate first formed 
is a chemical compound of definite proportions rather than an 
adsorption compound, or a transition between the latter and a 
definite chemical compound. van Bemmelen has determined the 
transition of precipitated colloidal adsorption compounds of 
Al,O,, BeO, and CuO into chemical compounds. 

From the standpoint of van Bemmelen discussed in the pre- 
ceding paragraph, viz., that a chemical affinity between two 
substances, insufficient to cause a chemical reaction under exist- 
ing conditions, may result in the formation of an adsorption 
compound, which may or may not give rise to a definite chemical 
compound, one may regard the action between casein and acids, 
by which insoluble acid-casein with varying content of acid is 
formed, as the formation of an adsorption compound under 
such influence; and the change to soluble acid-casein formed on- 
long standing, on warming or on contact with acids above a 
certain degree of concentration, as the change of the adsorption 
compound into a chemical one, such as a proteid-acid salt. 

- Assumptions aside, however, as to the possible relation 
between the basicity of casein and its adsorptive power, and as 
to the nature of soluble acid-casein, the action of dilute acids 
may be briefly stated thus: The acids first concentrate upon 
the casein by adsorption and then begin to dissolve it more or 
less slowly according to conditions of temperature concentra- 
tion, ete. The dissolved substance, at least in the case of hydro- 
chloric acid, contains more acid than the adsorption compound. 

The fact that acid-casein does not dissolve in warm 5 per ct. 
salt. solution, as found by Van Slyke and Hart* is explained 
by the work of Hardy (loc. cit.) who found that the presence 
of acids decreases or inhibits the solvent power of salt solutions 


IN. Y. Agr. Ex. Sta., Bul. 261. 1905. 
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towards proteids. When the insoluble acid-casein is treated 
withj salt solution, the latter would naturally extract part of the 
adsorbed acid, and largely lose its solvent power. 

Although the results obtained during our limited time of 
investigation in this line of work are not complete, the facts 
that have been presented, viewed in the light of our present 
knowledge regarding reactions having similar characteristics, 
have forced us to regard the action studied as a case of adsorp- 
tion, with the formation of what van Bemmelen ealls ‘‘ adsorp- 
tion compounds,’’ that is, physical combinations with composi- 
tion varying continuously with the conditions. It must be con- 
fessed that much remains to be learned about adsorption eom- 
pounds, and the phenomena of adsorption. They, however, have 
certain characteristics in common, as summarized on p. 137, and 
the possession of these characteristics by the reaction between 
dilute acids and casein, together with the complete failure of 
the reaction to agree with the accepted laws of chemical com- 
bination, lead us to classify the process as an adsorption. 
Whether other proteids also take up acids by adsorption, or 
whether casein and silk are peculiar in this respect, it is useless 
to speculate about until careful quantitative tests have been 
made with other proteids. 

For an interesting speculation upon the possible biological 
significance of adsorption, the reader is referred to the discus- 
sion at the close of Freundlich’s recent paper.* 

Viewing the action between casein and acids as an adsorption 
practically brings us back to Hammarsten’s original proposi- 
tion, in regarding the action as one not strictly chemical; though 
his conclusion was based on results that could not be accepted 
as at all decisive, especially in view of the facts we now possess 
which were not then known. 


1Zischr. Physik. Chem., 57: 385. 1906: 
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II. THE HYDROLYSIS OF THE SODIUM SALTS OF 
CASEIN. 


In determining the amount of alkali that is neutralized by 
easein, the results obtained by the use of different indicators 
do not agree. Thus, more alkali is required with htmus than 
with methyl orange and still more with phenolphthalein.t The 
amount of alkali which casein neutralizes, with the use of 
phenolphthalein as indicator, has been chosen somewhat arbi- 
trarily as representing the true result. It was on the basis of 
results thus obtained that Laqueur and Sackur? made their 
determination of the equivalent weight of casein. 

The desirability of a method of measuring the neutral point 
in such eases, independently of indicators, is apparent. It 
was hoped that the determination of electrical conductivity 
would furnish this. It is well known that when an acid is 
added to a solution of a strong base, the conductivity of the 
solution decreases until the neutral point is reached, because 
the addition of acid replaces rapidly conducting OH’ ions with 
more slowly conducting acid radicle anions. The addition of 
a given amount of acid always replaces the same number 
of OH’ ions, and decreases the conductivity by a given amount; 
therefore, if the conductivities are plotted as ordinates and 
the amounts of acid added, volume of solution being constant, 
as abscissae, the resulting curve will be a straight line sloping 
downward to the neutral point. At this point it breaks sharply. 
If the acid be a strong one, like sulphuric acid (Fig. 16) the 
curve will rise again rapidly in a nearly straight line. If 
‘the acid be a weak polybasic one, like succinic, the eurve may still 
continue falling slightly on the acid side of the neutral point, 
due to the fact that the acid-salt has somewhat lower con- 
ductivity than the neutral, but the slope is slight compared 


1Soldner. Landw. Vers.-Stal., 35: 351. 1888. 

Courant. Arch. Physiol, [Pfluger], 50:109.° 1891. 
Laqueur. Beitr. Chem. Physiol u. Path., 7:273. 1905. 
2Beitr. Chem. Physiol u. Path., 3: 197. 1903. 
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with that on the alkaline side of the neutral point, and the 
point is plainly marked by a sharp angle. If the acid be 
so weak, however, that it hydrolyzes, so that its normal salt 
reacts alkaline, as is the case with phosphoric acid, the curve 
does not fall straight to the neutral point and break there, 
but bends gradually (H,PO, Fig. 17), and without breaking. 
The decrease in the number of OH’ ions is not a linear, but a 
complex function of the amount of acid added, and they do 
not disappear until an excess of acid has been added. In 
acids of this character, the neutral point can not be determined 
accurately by either conductivity or titration with phenolphtha- 
lein. Sjoqvist' working with hydrolyzible hydrochloric acid 
salts of albumin employed the approximate method of deter- 
mining the intersection of the asymptote of the curve on the 
acid side (corresponding to the alkaline in our ease), with the 
horizontal line tangent to the curve at its minimum, assuming 
that the abscissa of the intersection denoted the equivalent weight 
of albumin. 

The work of former investigators has shown that the addi- 
tion of more casein to a sodium easeinate solution neutral to 
phenolphthalein does not appreciably change the conductivity. 
Instead of the curve’s rising beyond the neutral point, as in 
the case of sulphurie acid, or falling slightly, as in the case 
of succinic acid, it becomes horizontal. If an acid sodium salt 
of casein, analogous to NaHCO,, is formed, this acid salt has 
apparently the same conductive as the neutral salt. Appar- 
ently the (H casein),®- (H, casein)™*? . . . . lons have the 
Same conductivity as the (casein)"® ion gee ep of casein 
anion), the gain or loss of a hydrogen atom not appreciably 
affecting the velocity of the excessively large and complex casein 
anion. 


Laqueur (Beitr. Chem. Physiol uw. Pathol., 7:273. 1905.) mentions the 
fact that increase in the proportion of casein in a solution of sodium 
easeinate neutral to phenolphthalein does not appear to change the con- 


1Skand. Arch. Physiol., 5: 276. 1895. 
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ductivity, and discusses the explanation mentioned above, also as less 
probable the one that the excess casein simply dissolves as free casein in 
the sodium caseinate solution. 

The constancy of the conductivity of solutions acid to phenolphthalein 
is shown more accurately by the figures of Long (Jour. Amer. Chem. Soc., 
28:377. 1906.), although he does not call attention to this feature. Re- 
arranging Long’s results, so as to make this point clear, we have the 
following table: 


c. c.\Na OH. Grams Conductivity Sagem 
. casein. X106 hanes i . 
a 100-1, © phenolphthalein. 
[225 1234 alkaline 
2.2., 60 aoe 1006 neutral 
5.0 1012 acid 
( 0.625 ( 700 ( alkaline 
11.25 ~ 1.25 561 neutral 
( 2.50 ! 563 i acid 
0.3125 ( 380 alkaline 
5625 0.625 310 neutral 
1B} 308 acid ° 
| 0. 1562 209 alkaline : 
2.812 0.3125 172 neutral 
| 0.6250 168 acid 
, 0.1562 93 neutral 
: fee 10.3125 93 acid 


The last two figures of each trio in the conductivity column agree 
closely. 


From the above discussion it is apparent that if casein acts 
as an acid with a definite neutral point correctly indicated 
by phenolphthalein, as was apparently considered to be approxi- 
mately the case by Laqueur and Sackur,? who based equivalent 
and molecular weight determinations upon this assumption, we 
should expect a neutralization conductivity curve descending in 
a straight line to the neutral point, and there breaking and 
becoming horizontal. 


The curve actually obtained (Fig. 17) is coneave and gradu- — 


ally approaches the horizontal position without the occurrence 


1Beit. Chem. Physiol. u. Pathol., 3: 193. 1903. 
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of a break at any point. The curve reaches its minimum at 
a point near that neutral to phenolphthalein, but it does not 
appear that this point indicates the normal salt any more than 
the minimum on the phosphoric acid curve indicates Na,PO,. 
It indicates rather the presence of sufficient excess of casein to 
depress the amount of hydrolytically freed NaOH to a negligible 
quantity. If we adopt Sjoqvist’s method, and extend the 
asymptote of the upper part of the curve, until it cuts the hori- 
zontal line tangent at the minimum (dashed lines Fig. 17), the 
intersection indicates an equivalent weight of casein less than one- 
third that estimated from the point neutral to phenolphthalein. 
The assumption of Laqueur and Sackur’s, that the latter indi- 
eates approximately the true equivalent weight of casein is not 
confirmed. It does not appear that this can be ascertained by 
titration with acid-alkali indicators any more than ean that 
of phosphoric acid, altho as apphed by Robertson’ it may 
furnish the basis of a convenient empirical method for quantita- 
tive estimation of the proteid. 


EXPERIMENTAL. 


We dissolved varying amounts of casein in 100 ce. of N 
100 
NaOH and determined the point of minimum conductivity by the 


method of repeated approximation, finding the point within 
wide limits, then working within “these and finding narrower 
limits, ete. The methods of manipulation in agitating casein 
with alkali and in measuring conductivities were the same as 
in the ease of acids. The solutions were thus in contact with 
the electrodes only a short time, avoiding chances of the diffi- 
culty mentioned by Laqueur.’ 

We obtained the following results graphically expressed 


in Fig. 17, using in each ease 100 ce. of ~~ N NaOH with the 
100 


amounts of casein indicated. 


14m. Jour. Biol. Chem., 
2Beitr. Chem. Physiol. u. “Patil 7:275. 1906. 
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Grams [Equivalent % free Color of solu- 
of conductivity NaOH from tion with 
casein, A conductivity. phenolphthalein. 
0 232.0 100.00 Red. 
0-291 114.0 33.00 Red. 
(0.335) (106.0) (29.05) Red. 
0.581 Tha boi 12.00 Red. — 
0.872 Ss eal 2.98 Red. 
1.000 06.2 1:01 Red. 
1.030 590.4 0.56 Red. 
1.060 oo. 1 0.39 . Red. 
1.080 o4.9 0.28 Red. 
1.100 d4.7 OrFt Red. 
1.120 o4.4 0.00 Red. 
1.140 d4.3 re Red. 
1.160 54.4 c Red. 
1.180 54.3 : Red. 
1.200 54.3 z Slightly pink. 
1.500 D4. 4 e Colorless. 
1.800 b4.4 oe Colorless. 


The numbers in parentheses are graphically interpolated from 
the curve, and correspond to the point indicating the normal 
salt, according to Sjoqvist’s roughly approximate method. This | 
normal salt, with no excess gf casein present, appears about 29 
per ct. hydrolyzed. 'The free alkali in the data tabulated below 
_ this in the column may be regarded as all due to hydrolysis. 

The per et. of free NaOH in the third column is eal- 
culated by the formula usually employed for hydrolysis 
k, x + (1--x) k,=k,; 100 x = per ct. of free alka. c= ce 
ductivity of free alkali 232; k, == conductivity of unhydro- 
lyzed sodium caseinate = 54.4; k,— observed conductivity of 
experimental solution. The accuracy of the formula depends 
on that of the observation brought cut previously that the equiva- 
lent conductivities of the neutral and various acid sodium salts 
of easein are the same. : | 
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The view that the sodium salts of casein hydrolyze was held 
by Laqueur and Sackur' for the salts acid to phenolphthalein. 
Our results indicate that the salts even quite alkaline to phenol- 
phthalein hydrolyze to a marked degree. 

The behavior of casein salts of the alkaline earth metals has 
also been studied by W. A. Osborne? with the conclusion that 
they hydrolyze. 

A further reason for placing casein, as regards its acid prop- 
erties, in a class with phosphoric acid, is the similar behavior 
of the two towards various indicators. Phosphoric acid like 
casein gives different results when titrated against alkali with 
different indicators. For example, 10 cc. of a given solution 
of phosphoric acid was neutralized to methyl orange by 6.15 ce. 
N-10 KOH, while to give a perceptible pink with phenolphtha- 
lein 11.20 ee. were required. 

Viewed from the standpoint indicated by our results, casein 
acts as a very weak acid. When a sufficient excess of. casein 
is present in solution (presumably as acid casein salts, possibly 
as free casein dissolved in sodium easeinate solution) the amount 
of hydrolytically freed alkali is reduced to practically zero, and 
the solution reacts neutral to the delicate indicator phenolphtha- 
lein, at the same time showing a minimum conductivity. Due 
to the weakness of its acid properties, a considerably greater 
excess of casein is required to render the solution acid enough 
to redden litmus, and still greater excess to neutralize to methyl 
orange. 

These results are presented as preliminary to a more thorough 
investigation of the problem. 


The data for plotting the H,PO, and H.,SO, curves are taken from 

Kohlrausch.? The data for succinic acid were obtained by adding to a 
N 

solution of 20 cc. carbonate-free 0 KOH in a conductivity cell successive 

portions of recrystallized succinic acid dried at 115°. The acid was 

weighed out in a small tube and portions shaken into the solution, the 


1Beit. Chem. Physiol. Pathol., 3: 194. 1903. 
2Jour. Physiol., 27: 398. 1901. 
3Leitvermogen ‘der Miskivclte. 


162 


tube being weighed after shaking out each portion. By this method cumu- 
lative error in weighing was avoided. As one equivalent of succinic acid 
weighed but 116 milligrams, the volume change caused by the addition 
was negligible. The following data were obtained. Temperature = 25°. 


Equivalents succinic 


acid added. A 
0 240.0 
500 Li los 
723 138.0 
840 121.4 
913 111.6 
.983 102.0 
1.043 99.1 
1.149 97.8 
1.614 93.1 
2.304 88.7 
3.100 86.2 


For courtesy in providing us with apparatus, laboratory and materials 
for the above experiment, which was done when our own apparatus was 
not available, we wish to thank Dr. Lind, of the University of Michigan. 
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TECHNICAL BULLETIN. No. 4. 


I. SOME OF THE FIRST CHEMICAL CHANGES 
IN CHEDDAR CHEESE. 


Meet ACIDITY OF THE WATER-EXTRACT 
OF CHEDDAR CHEESE. 


L. L. VAN SLYKE ann ALFRED W. BOSWORTH. 


SUMMARY. 


1. Object.—The work described in the first part of this 
bulletin was undertaken primarily for the purpose of learn- 
ing what changes take place in the proteids of cheddar cheese 
during the time the cheese is in press, a period not previously 
studied here. The work was extended so as to include a 
study of the changes in the calcium and phosphoric acid com- 
pounds of cheese. The work on the acidity of the water- 
extract of cheddar cheese had for its purpose to learn what 
constituents of the water-extract cause it to neutralize alkali. 

2. Method of experiment.—Five cheeses were made at dif- 
ferent times under the usual conditions observed in making 
cheddar cheese. They were kept at 15.5° C. Determinations 
in cheese were made of the amounts of (1) total nitrogen, 
(2) nitrogen soluble at 55° C. in five per ct. solution of sodium 
chloride, (3) water-soluble nitrogen, (4) acidity of water- 
extract, (5) lactose, (6) total calcium and phosphoric acid 
compounds, (7) water-soluble calcium and phosphoric acid 
compounds, (8) calcium compounds in the salt-soluble por- 
tion, (9g) calcium lactate, (10) total and water-soluble ash. 

3. Early changes in proteids of cheddar cheese.—(1) The 
insoluble proteid of fresh cheese-curd (calcium paracasein) 
changes rapidly into a form soluble in 5 per ct. solution of: 
sodium chloride at 55° C., until, in 9 or ro hours after the 
cheese is put in press, the proteid, originally insoluble in the 
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salt solution, becomes completely soluble in this solution. 
(2) Then the proteid soluble in salt solution changes into a 
form insoluble in salt solution, this change taking place rapidly 
at first and then gradually. (3) Proteids in water-soluble 
form appear to increase only slightly, if at all, until after the 
salt-soluble proteid-has partially changed into the form insolu- | 
ble in salt solution. 

4. Changes in calcium and phosphoric acid compounds of 
cheddar cheese.—The calcium and phosphoric acid compounds 
of cheese, insoluble at the start, become soluble, until about 
80 per ct. of the calcium and all of the phosphates become 
soluble in water. This change is due to the formation of 
lactic acid and its action upon the phosphates of the cheese, 
resulting in the formation of monocalcium phosphate and cal- 
cium lactate. About 20 per ct. of all the calcium in the cheese 
is found in the salt-soluble portion, and the proteid in this 
solution shows an acidity about equal to that shown by cal- 
cium paracasein. 

5. The acidity of the water-extract of normal cheddar cheese 
is largely due, not to the presence of free lactic acid, but to 
monocalcium phosphate. 


I. SOME OF THE FIRST CHEMICAL CHANGES IN 
CHEDDAR CHEESE. 


In previous studies of the ripening changes in cheddar 
cheese made at this Station’ it was shown that the eal- 
cium paracasein of the freshly coagulated milk undergoes 
various changes, most prominent among which is the formation 
of a substance soluble at 50° to 55° C. in 5 per ect. solution 
of sodium chloride. Most of the work formerly done was con- 
fined to an examination of cheese after it was taken from the 
press, generally about 24 hours after the beginning of the 
operation of cheese-making or about 18 hours after putting 
in press. Little work was done in studying the intermediate 
period between putting the cheese in, and removing from, the 
press. | 
While working upon camembert cheese, it was noticed by one 
of the authors that marked changes occur in the cheese proteids 
during the first 24 hours from the time of commencing the 
operation of cheese-making. This fact naturally suggested that 
similar changes might occur in the early history of cheddar 
cheese during that period of time which had not been pre- 
viously studied with care. It has been found that the changes 
taking place during this early period are of the same character 
and due to the same causes in both camembert and cheddar 
cheese; the only essential difference is the extent of the changes, 
which go somewhat farther in camembert than in cheddar cheese. 
This is what would be expected from differences in the methods 
of manufacture, since camembert cheese is made without under- 
going pressure to expel whey and it therefore contains more 
lactose, resulting in the formation of more lactie acid, which 
is the active agent in causing the first changes that appear in 
the cheese-making process. 

Reviewing briefly the interpretation of the results secured 
in the work previously done? it was thought (1) that 


IN, Y. Agrl. Exp. Sta. Buls. 214 and 261. 
2N Y. Agrl. Exp. Sta. Bul: 261, pp. 36, 37. : 
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the calcium paracasein formed from calcium casein of 
milk by the action of rennet enzym, was converted by the 
action of lactic acid into free paracasein with simultaneous 
formation of calcium lactate, that is, the calcium paracasein 
was decalcified; (2) that the free paracasein thus formed was 
soluble in warm 5 per et. solution of sodium chloride; (3) that 
the proteids of cheese-curd and cheese fresh from the press were 
a mixture, in varying proportions, of caleium paracasein and 
free paracasein, a maximum of 78 per ct. of the total nitrogen 
of the cheese having been found in the form soluble in dilute 
salt solution; (4) that not all of the calcium paracasein was 
changed into free paracasein; (5) that the plastic and ductile 
properties of cheese-curd were due to the formation and pres- 
ence of free paracasein; (6) that free paracasein appeared to 
be the body in which began to take place the various chemical 
changes grouped under the general term of cheese-ripening. 

It now appears, as we shall show later, that a lack of knowl- 
edge as to the extent and character of changes occurring in 
cheese while in press led to an interpretation of results that 
must be very materially modified in order to harmonize with 
our recent work. 

Another point of importance, not studied in previous work at 
this Station, is the relation of some of the inorganic salts to 
the changes taking place in the early history of cheddar cheese. 
Somewhat extended and detailed studies of the calcium and 
phosphoric acid compounds have been made in some of our work 
and, the results are presented in this bulletin. These results are 
intimately associated with the changes taking place in the chief 
proteid in the early history of cheese and appear to be essential 
to a correct understanding and interpretation of these changes. 


ANALYTICAL DETERMINATIONS. 


The following determinations were made, either wholly or in 
part, in each of the experiments described in this bulletin: 
(1) Total nitrogen in cheese, (2) water-soluble nitrogen, ’ (3) 
nitrogen soluble in 5 per ct. solution of sodium chloride, (4) 


5) 


the amount of N-10 alkali neutralized by the water-extraet from 
100 grams of cheese, (5) the percentage of lactose in cheese, 
(6) the percentage of hme (CaO) and phosphorie acid (P,U,) 
compounds in cheese, (7) the percentage of water-soluble lime 
(CaO) and phosphorie acid (P,O0,) compounds found in cheese, 
(8) the percentage of inorganic phosphorus in cheese in the 
form of phosphoric acid (P,O,;) compounds, (9) the percentage 
of calcium (CaO) compounds in the salt-extract of cheese, (10) 
the percentage of lactic acid in the form of calcium lactate in 
cheese, and (11) the percentage of total and water-soluble ash 
in cheese. i 
The amount of nitrogen in the different forms was deter- 
mined in the manner described in Bulletin 215 of this Station, 
except that, in case of water-soluble and salt-soluble nitrogen, 
the extraction was continued until 1,000 ec. ec. of extract had been 
obtained. In all cases, the cheese was first extracted with water 
before treatment with salt solution. In those cases in which 
calcium was determined in the salt-extract, we used for extrac- 
tion a solution of sodium chloride free from calcium salts. 
The lactic acid in cheese, which is present in the form of 
- ealeium lactate, was determined by Palm’s method,* which is, 
in brief, as follows: The cheese is acidified with sulphuric acid 
and then extracted with ether. The ether solution is evaporated 
to a syrupy consistency and then treated with water. This water 
solution is filtered, treated with lead acetate and then filtered 
from any precipitate that forms. More lead acetate is added 
to the filtrate and then alcoholic ammonia. The lead lactate 
is thus precipitated free from other substances. The precipitate 
is filtered and washed with alcohol. The amount of lactic acid 
is determined by loss on careful ignition. In place of lead 
acetate, one may use an excess of freshly precipitated lead 
hydroxide to precipitate the lactic acid, especially when the 
amount is small. From the precipitate thus obtained, one may 
separate pure lactic acid by treatment with hydrogen sulphide 
and subsequent extraction with ether. This method is not 


3Ztschr. Analyt. Chem., 26, 33. 1887. 
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altogether satisfactory but appears to be the most efficient one 
available. 

The amount of inorganic phosphorus in cheese is approxi- 
mately found by calculation from the total nitrogen and total 
phosphorus, based on casein with a phosphorus content of 0.85 
per ct. and a nitrogen content of 15.70 per ect. The amount of 
casein phosphorus thus found subtracted from the total amount 
of phosphorus in cheese gives the amount of phosphorus present 
as P,O,. 

It will be noticed in the tabulated data presented that the 
analytical results do not always appear to be consistent. Such 
variations are generally due to variation in composition of the 
cheese in different portions, since it is well known that the 
mass of a cheddar cheese is quite far from being of uniform 
composition. Samples drawn from different parts of the same 
cheese generally show varying analytical results. 


FIRST EXPERIMENT. 


In some preliminary work carried on for the purpose of study- 
ing some of the changes that take place in the early history 
of cheddar cheese, two cheeses were made from separator skim- 
milk in the usual manner. One was made May 30, and the 
other June 12, 1906. These were kept at a temperature of 
15.5° C. and this was the temperature at which we uniformly 
kept the cheeses in all our experiments described in this bulletin. 
The age of cheese in this and other experiments is dated, unless 
otherwise specified, from the time it was put in press, which 
was usually 5 or 6 hours after the actual operation of cheese- 
making began. The cheeses used in this and the other experi- 
ments were made by Geo. A. Smith, Dairy Expert of the 
Station. 

The results of this first experiment are given in Table I. 
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TABLE I.—CHANGES IN NITROGEN COMPOUNDS OF SKIM-MILK CHEESE DURING 
EARLY PERIOD. 


: ; Pea gee Bee 
: . : gee | Bae | gees 
a 3 & Looe oq BS 
: £3 é eae. | eg — | 3,28 
zs °s Eg Goes | 2298 | 45 . 
B og 38 eke GEE 338 
g o& 4 Soon &KO-5 SgeeE 
3 to © O° aewoad BP a, Tea OO 
Z < B = oa Z 
Hours. Per ct Per ct. Pert Ce 
See When put in 
press: ..%.. 3.25 4.62 te Sai 
| i 4.90 3.86 OL SS4Ot aki ees 
ae 29 5.27 3.80 SED feo lre ne ae 
ae 4} 5.33 3.00 GT OG" |, «sc ceme 
Le, 89 5.31 5.28 Wh os 5 Reet 
| ae 137 5.15 5.24 CIS t/a gerade 
_ ae When whey 
was drawn. 2.85 (ER: 3.86 36 
eer... When put in 
Dresdys ce. 4.59 3.70 25.05 132 
Meee Sse... 3 4.98 4.42 82.73 168 
a 6 a 3.52 89.63 174 
2 9 5.07 3.94 92.31 180 
ee es ce 15 5.32 3.38 81.58 180 
2 18 5.32 4.13 92.48 186 
2 27 5.80 4.65 75.86 186 
2 42 5.48 4.92 65.69 186 
2 66 5.57 4.85 33.39 200 


A study of Table I permits the following summary of results: 

(1) The amount of nitrogen in the form of water-soluble com- 
pounds changes very slightly during the first few days after 
a cheese is made, consisting essentially of the milk albumin 
retained in the cheese. The decrease in percentage of water- 
soluble nitrogen in cheese noticed after being put in press is 
largely due to loss of albumin going out in whey. These state- 
ments agree with the results of previous work. 

(2) The amount of nitrogen in the form of salt-soluble proteid 
increases very rapidly after the cheese is put in press and 
reaches a maximum in a comparatively short time, when, in the 
case of the two cheeses under consideration, it constitutes over 
90 per ect. of the nitrogen in the cheese. 
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(3) After the salt-soluble nitrogen of the cheese reaches a 
maximum, it begins to decrease but much more slowly than it 
had inereased. 

(4) Along with the increase of salt-soluble nitrogen there was 
an increase in the acidity of the water-extract of the cheese. 
We shall later discuss in detail what constituents of the water- 
extract of cheese are responsible for the apparent acidity of 
cheese. } 

SECOND EXPERIMENT. 


It was desired to repeat the study made in the first experi- 
ment, using a cheese manufactured from normal milk instead 
of skim-milk, in order to ascertain whether the same results 
would be found in the ease of whole-milk cheese. This cheese 
was made June 18, 1906. The study was extended to include 
the amount of lactose, calcium and phosphoric acid in the 
cheese, the observations and analyses being continued for a 
period of six months. 
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TapLe I].—CHANGES IN NITROGEN, CALCIUM AND PHOSPHORUS COMPOUNDS 
IN WHOLE MILK CHEESE. 


ae) 
bagg | gee i sese et Thad 
ae° | ‘nase R BPE oe 7 
Age of cheese when ra 2 od a 4 Ao ae ae Fe 
analyzed. Beaa | 239s & aS ek Ee; 
Ca 2-8 =e Sea g oe) $3 
pare gees | Se tes ke | eso Me 
eaaa | 2685) 8 BES | B55 28 
= wi 4 Z = = 
Per ct. Pers ct: Pervet. Ces Per-ti Per ct 
When whey was 
arawn*.......: 6.11 8.02 1.10 36 0.17 0.15 
When put to press} 4.68 | 14.33 1.70 £0 A ee peter 0.54 
hy pig a 5.05 | 75.26 1.05 120 0.43 0.56 
0: i a 0.480) 71.54 0.68 120 0.48 0.61 
i 5.00 | 65.16 0.68 120 0.50 0.63 
MeemrOUIS..;....%.. 5.45 | 70.65 0.68 136 0.54 0.57 
Beenours i... 5.58 | 65.56 0.58 136 0.58 0.58 
DEOUIS 2 6.5... .- 6.58 | 64.81 0.58 | apnea 0.61 
OL re kato 1°. OL.17 0.58 152 0.65 0.67 
re 9.11 45.31 0.50 160 0.64 0.64 
1 week 11.02 | 44.62 0.10 164 0.65 0.72 
Suweecs..........-| 18.60) 46.51 0.07 190 0.66 0.74 
memouths.'..2..:.. 28.68 | 45.89 i) eerie. Jos 0.75 0.78 
OO 34.39 | 40.87 0 230 0.82 0.82 
Bermontig. >... o.-.. 31.53 | 34.24 0 212 0.76 Ort 
Ommonths.:....-..: 43.22 | 21.61 0 TBO wire eres | Snack 


*Gave strings one-eighth inch long on hot iron. 
+Gave strings one inch long on hot iron. 


The results in Table II are summarized as follows: 


(1) The proportion of nitrogen in cheese that is present in 

water-soluble form remains quite uniform the first day and then 
slowly increases. As compared with the two skim-milk cheeses 
in the first experiment, the water-soluble nitrogen in this whole- 
milk cheese becomes somewhat greater in amount during the 
period for which a comparison can be made. 
__ (2) The percentage of nitrogen in salt-soluble form increases 
rapidly. The maximum indicated by our results was not as 
high as in the case of the first experiment. After 3 hours, a 
decrease appeared to begin and this continued during the 6 
months of our study. 
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(3) The lactose in the cheese decreases in amount quite 
rapidly during the first 12 or 15 hours after the cheese is put 
in press and entirely disappears in about 2 weeks. 

(4) The acidity increases, reaching its approximate maximum 
about the time the lactose disappears. The apparent increase 
of acidity later is due, in part, at least, to the presence of 
increased amounts of water-soluble proteids. 

(5) The percentage of water-soluble calcium and phosphoric 
acid compounds increases quite rapidly during the first few 
hours after the cheese is put in press; the increase continues 
for some weeks but at a slower rate. As we shall show later, 
the water-soluble phosphoric acid is present mainly as mono- 
calcium phosphate, and the water-soluble calcium is present in 
combination mostly with phosphoric acid and with lactic acid. 

The rapid increase of salt-soluble nitrogen to a maximum, 
followed by subsequent decrease, suggested the probability that 
the insoluble proteid of the fresh curd is completely converted 
into the salt-soluble form before the change into another form, 


insoluble in water and salt-solution, begins; but that the action 


is so rapid that it is difficult to get a sample at just the point 
when the nitrogen, originally insoluble, is entirely in the salt- 
soluble form. The probable truth of this suggestion appeared 
to be indicated by the fact that in one case when we were 
working on another point we were able to dissolve the insoluble 
cheese proteid completely in salt-solution. 

From the suggestions afforded by the results obtained, it 
seemed desirable to make further study with the specific object 
of ascertaining: (1) Whether all the insoluble proteid of fresh 
cheese is changed into a salt-soluble form before it again becomes 
insoluble in salt-solution, and (2) what relation there might 


be between the formation of salt-soluble nitrogen and the forma- — 


tion of water-soluble calcium phosphate, and (3) whether the 


calcium of the calcium lactate that is formed comes wholly - 


from the calcium of the insoluble phosphates or in part from 
the calcium of calcium paracasein. — 


eek Ee ae 


it 


THIRD EXPERIMENT. 


For carrying out this study, another cheese was made July 
9, 1906, from normal milk, the results of which are embodied 
in Tables III and IV. In order to obtain a sample of cheese 
when the nitrogen should be all in the form of the salt-soluble 
substance, it was necessary to take samples at more frequent 
intervals; and so samples were taken for 714 hours at intervals 
of one hour and a half after the cheese was put in press. 
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TaBLE L1I].—CHANGES IN NITROGEN COMPOUNDS AND IN ACIDITY IN WHOLE- 
MiLK CHEESE. 


oh hm 
eas Siz g2. 
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Just before salting. 3:51 2.28 19.71 0.75 72 
Just after salting..... 3.67 SEP y | 1a17 0.77 114 
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a 3.82 3.15 65.62 0.68 116 
a Oth 3.45 70.03 0.44 112 
REMIT... ce... 4.00 Fs the ds Ja paneer ee 3 0.44 120 
= ee 3.80 3.16 75.53 0.39 120 
a 3.81 4.78 76.64 | 0.30 130 
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Sr 3.86 Pee VO kS. thes Di DAnive cake hee 
Ree ss... 3.82 9.42 66.75 0.03 160 
MeMECKS...........)-. 3-81 16.01 55.64 0 190 
BeweekS............. 3.83 19.58 58.75 0 188 
MRONtHS............ 3.80 29.21 49.73 0 208 
4 months gtd. « 3.98 31.16 46.48 0 204 
MeIODGNS..25....... 3.96 34.34 51.01 Othe an 2 Maes 
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TABLE 1V.—CHANGES IN CALCIUM AND PHOSPHORUS COMPOUNDS IN CHEESE. 


a 


n ile nD oo (See) Ona 
SB | S88 /O8S | 3B | San] Se elsurs 
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TPaWite sae eae 0.72 1°0°20 127.78 76 | 0.46 | 0.23 |50.00 0.34 
Just before salt- 

Ue AP ne ny 0.88 | 0.34 |38.64 | 0.97 | 0.54 | 0.86 166.07 ee 
Just after salting.| 0.92 |.0.36 [39.13 | 1.06 | 0.60 | 0.40 |66.67 0.38 
SOU hs tere hs aes 0.90 | 0.52 157.78 | 1.14 | 0.67 | 0.46 |68.66 0.68 
AX HOU ol bes 0.94 | 0.48 151.07 | 1.16 |. 0.69 (0 45365522 0.68 
Gihotisis ae ses oe 0.98 | 0.52 153.06 | 1.17 | 0.68 | 0.48 170.60 0 3s 
1 DOUES PC Are SS 0.98 | 0.58 {59.18 | 1.12 | 0.65 | 0.47 |72.31 0.63 
1 day. .| 0.99 | 0.62 162.60 | 1.17 | 0.69 | OteTaye oe 0.56 
Zawaee Se Pen te 0.91 | 0.44 |48.42 | 1.18 | 0.71 | 0.42 |60.00 0.62 
4 days .| 0.99 | 0.64 |64.65 | 1.21 | 0.73 | 0.62 184.93 | 2 
1 week 0.93 | 0.63 |67.74.| 1.17 | 0.70 (0.56 130_ 00 
2 weeks 0.98 | 0.78 |79.60 | 1.20 | 0:73 | 0.76 |100.00) 0.50 
4 weeks 1.04 | 0.83 {79.80 | 1.20 | 0:73-| 0:77 {100-00F = 
Prevents he. kc 0.99 | 0.77 |77.78 | 1.29 | 0.82 | O. Sa. to ae 
Acmontlise ss. ae 0.94 | 0.76: (80.85 | 1.25 | 0.76: | O279 9 1G0- 00 = 
Gimonths.. 025°. 0.97 | 0.68 |70.10 | 1.06 | 0.57 |.0.66 1100°00 3 


The results embodied in Tables III and IV are summarized 
as follows: | 


(1) The formation of water-soluble and salt-soluble nitrogen, | 


together with the conversion of lactose into lactic acid, as shown 
in Table III, proceeds in general as in the preceding experi- 
ments. It will be noticed, however, that we failed to get a 
sample of cheese for, analysis when the salt-soluble nitrogen was 
as high as in the preceding experiments. Apparently, between 
7144 hours and 24 hours, very little change had taken place 


in the amount of salt-soluble nitrogen; but, according to results — 
with other cheese, there is reason to believe that, during this — 
interval, the salt-soluble nitrogen inereased until the nitrogen ~ 
all became salt-soluble and then began to change into the succeed- — 


, rea ee eT a 
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ing form, which is insoluble in salt solution, and at the end 
of 24 hours had decreased nearly to the point at which the 
salt-soluble stood at the end of 714 hours. 

(2) The amount of calcium compounds found in the water- 
extract increases quite rapidly for a few hours and then more 
slowly, reaching a maximum in about 2 weeks, when about 
80 per ct. of the calcium compounds in the cheese is found 
in the water-extract of the cheese. After this the amount of 
water-soluble calcium compounds appears to remain about con- 
stant. The water-soluble calcium appears to represent, in the 
main, two compounds, (1) mono-calecium phosphate and (2) 
calcium lactate. The results suggest that about 20 per ct. of 
the calcium in cheese is not given up to a water solution, either 
‘being held mechanically by the proteid or else existing in com- 
bination. It hardly seems probable that this calcium is there 
as insoluble calcium phosphates so long as enough lactic acid 
is formed to change it all into mono-calcium phosphate. It ap- 
’ pears more likely that it is in combination with paracasein, as 
will be shown later. 

(3) The amount of water-soluble P,O, increases rapidly for 
the first few hours and then continues gradually to increase 
until finally all the inorganic phosphorus compounds appear in 
the water-extract. This indicates that enough lactic acid has 
been formed to convert the insoluble calcium phosphates entirely 
into mono-calcium phosphate with simultaneous production of 
calcium lactate. 

(4) The amount of calcium lactate increases rapidly in the 
first few hours. 


FOURTH EXPERIMENT. 


Since we had failed to take a sample of cheese in the third 
experiment at the time when the nitrogen in the form of salt- 
soluble nitrogen was at or near its possible maximum, another 
experiment was made for this purpose, the results of which are 
embodied in Tables V and VI. The same determinations in 
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cheese were made as before and, in addition, those of moisture, 


pod 
ae” Oe 


total ash and soluble ash. The cheese for this experiment was 


made November 15, 1906. 


TABLE V.—CHANGES IN NITROGEN COMPOUNDS AND IN ACIDITY IN WHOLE- 
Mik CHEESE. 
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TABLE VI.—CHANGES IN CALCIUM AND PHOSPHORUS COMPOUNDS IN CHEESE. 


AS [88 1640 4:82 ae .[au | Saas A 
Su |B8S|5°S lav | 889k ou en 28 P 
Se |8e5) 22 | BR 1° 8h) goles.e a 
Re lone(s 2 (Sk |SSe oeh/ Se 3) g |e 
Oe malyzed. |S |SS¥|SEo9/8¢ | seylea2/ERES| 2 | 3 
= S5B8 | angels navio = ttt es Oe 
g2../R2gol/1oqf a o3 389 Ae g Bo ng 
380) s86|shee/89|/BSs (ese eee) € | $3 
SEO |aSs(adhs| fsa) oss|aacioeas| «a | as 
5 S E a en |e | « | - 
Per ct.|\Per ct.| Per ct.|Per ct.|Per ct.|Perct.| Per ct. |Per ct.|Per ct 
When curd was cut.|/0.35 | 0.19)54.28 |0.53 0.37 |0.33| 89.19) 0.89) 0 
When whey was 
BT, 0.56 | 0.25/44.64 10.73 |0.48 |0.46| 95.83} 1.29] 0.52 
When put in press. ./1.00 | 0.55/55.00 |1.06 |0.63 |0.51| 80.95] 3.51) 1.64 
BEV SiS. is) 0 0.94 | 0.64/68.09 |1.09 |0.65 |0.58| 89.23) 2.96] 1.56 
43 hours..... ..10.94 | 0.72'76.60 |1:13 (0.69 |0.59| 85.51) 2.84) 1.52 
Meri. .-.>). 5s... 0.93 | 0.71|76.34 {1.10 |0.66 |0.65| 98.48) 2.52) 1.56 
MAOUTS), |... '8005 6. 0.93 | 0.67/72.04 |1.11 |0.67 |0.69|100.00| 2.88} 1.72 
12 hours. ....-/0.93 | 0.69)74.19 {1.15 |0.69 |0.69/100.00} 2.80} 1.32 
P44 hours.......... 0.94 | 0.72/76.60 |1.11 |0.66 |0.67|100.00|} 2.72) 1.70 
BPA OUTS. i... 0.94 | 0.69|'73.40 {1.10 |0.67 |0.66)100.00} 2.60} 1.72 
mieenOurs.......... 0 .94*| 0.66/70.21 {1.11 |0.68 |0.66/100.00) 2.86} 2.40 
MEtMEVE hess... 0.94 | 0.71/75.53 {1.12 |0.65 |0.68/100.00| 2.73} 1.96 
Na ee 0.97 | 0.71/73.19 |1.13 |0.67 |0.73/100.00) 2.62) 2.36 
Gene 1.06 | 0.73/68.87 {1.10 |0.65 |0.64/100.00| 2.65} 1.92 
eweeks. of. ees. 0.92 | 0.75)81.52 |1.10 |0.64 |0.63/100.00|} 3.00) 2.08 
GS 0.94 | 0.73/77.66 |1.10 |0.64 |0.63/100.00| 2.71) 1.64 
1 month.. 1.03 | 0.76|73.79 |1.12 |0.66 |0.64/100.00| 2.91) 2.00 
2 months. 1.07+| 0.72/67.29 |0.99 10.54 |0.65/100.00} 2.88} 2.08 
3 months. ...../L.14 | 0.78/68.42 |1.05 |0.59 !0.74/100.00| 2.98] 2.16 
mmOntns.......... 1.01 | 0.74/73.72 |1.08 |0.63 |0.64/100.00} 3.03] 1.98 


*CaO in salt-extract in two days equals 0.25 per ct. of cheese. 
¢CaO in salt-extract in two months equals 0.30 per ct. of cheese- 


A study of the data in Tables V and VI suggests the follow- 
ing summary of results: 

(1) The results agree- with those previously obtained as 
regards the amount of water-soluble nitrogen in cheese during 
its early history. 

(2) We were successful in getting a sample of cheese when 
the insoluble nitrogen had been nearly all converted into salt- 
soluble nitrogen. In 914 hours after the cheese was put in 
press, we found that 96 per ct. of its total nitrogen was salt- 
soluble, or, stated another way, that all of the nitrogen originally 
insoluble had become salt-soluble. This dropped rapidly in the 
next few hours. 
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(3) The acidity of this cheese, when put in press, was some- 
what less than that found in the other experiments. At the 
end of 914 hours, it had reached about the same point as in 
most of the other cases. However, it did not later become as 
great as in the preceding experiments. It would appear as if 
the maximum amount of salt-soluble nitrogen is formed when 
the water-extract from 100 grams of cheese neutralizes 120 to 
130 ¢. ¢. of N-10 alkali. 

(4) The lactose in this and the preceding experiments seems 
to disappear in one to two weeks. The rapidity of conversion 
of lactose into lactic acid depends upon temperature as one 
condition and this fact must be considered when we attempt 
to make comparison of results given by different experiments. 
Under the conditions of our work in this experiment, the tem- 
perature was lower while the cheese was in press than in the 
ease of the other experiments. 

(5) The amount of water-soluble calcium compounds increases 
at different rates in different experiments. Comparing this with 
the preceding, we notice that when cheese is put in press it 
contains .45 to .55 per ct. of CaO, which increases to .60 to .65 
per ct. in 24 hours and in 2 weeks or more reaches about .79 
per et. About 80 per et. of the total calcium in the cheese 
becomes ultimately converted into water-soluble calcium com- 
pounds. This appears to take place within 2 weeks, which is 
roughly coincident with the time at which the lactose in the 
eheese finally disappears. 3 

(6) The water-soluble P,O,; increases quite rapidly for 9 or — 
10 hours after the cheese is put in press and then remains 
quite constant, the inorganic P,O, all appearing in the water- — 
extract. This complete change appears to take place in this — 
experiment much more quickly than in the preceding one. In — 
both cases, the maximum amount of water-soluble CaO is 
reached, when all the inorganic P,O,;, appears in the water-— 
extract. ig 

(7) The results in determining total ash and water-soluble — 
ash are inserted here for convenience of future reference. They 
do not now appear to give any information not furnished by 
the other data. 


AN tarya > 
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Il. THE ACIDITY OF THE WATER-EXTRACT OF 
CHEDDAR CHEESE. 


The acidity of cheddar cheese is often discussed as if it 
were due to the presence of free lactic acid in the cheese. This 
is illustrated by the fact that in the provisional official method? 
for determining acidity in cheese, the instructions are to express 
the result as lactic acid. However, we have been unable to 
isolate free lactic acid from normal cheddar cheese or to obtain 


a test for it in any cheese examined by us. The behavior of 


indicators toward the water-extract of cheese is not such as 
free lactic acid would give. 

In the discussion given in the preceding pages, it has been 
stated that the lactic acid formed during and after the cheese- 
making process combined with a portion of the calcium of the 
insoluble calcium phosphate present, forming mono-caleium 
phosphate and calcium lactate. The power of the water-extract 
of cheese to neutralize alkali appears to be largely due to the 
mono-calecium phosphate present and may, of course, be regarded 
as an indirect measure of the amount of lactic acid that has 
combined with calcium and remains in cheese. The different 
substances present in the water-extract of cheese that might be 
thought to influence appreciably the determination of acidity 
by titration with alkali are mono-ealecium phosphate, calcium 
lactate and soluble proteid. While, as shown later, we know 
that all the calcium lactate of cheese appears in, the water- 
extract, this salt is neutral and has no effect upon indicators. 
The amount of soluble proteid is for some time insufficient to 
account for any appreciable amount of acidity. Therefore, the 
only compound present in amounts that can account for any 
considerable part of the neutralizing property of the water- 
extract of cheddar cheese in its early history is mono-caleium 
phosphate. The behavior of the water-extract of cheese with 
indicators harmonizes with this statement. Thus, it is acid to 
phenolphthalein, neutral or very slightly alkaline to congo red, 


to ecochineal and to litmus, and alkaline to methyl orange. 


1U.S. Dept. Agr., Chem. Bul. 46, rev. ed. p. 56. 
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We have used the following modification of the official method 
for determining acidity in cheese and we believe that it 
gives more satisfactory results: Extract 25 grams of finely 
divided cheese with 200 ec. ¢. of water at 50° C., decant the super- 
natant liquid on a filter of absorbent cotton and repeat the 
treatment with the residue until nearly a liter of extract is 
obtained. Make up to one liter and mix thoroughly. Of this 
solution take 100 ¢. e. for titration with N-20 solution of sodium 
hydroxide, using phenolphthalein as indicator. The result 
multiplied by 20 gives the number of cubic centimeters of N-10 
alkali required to neutralize the water-extract from 100 grams 
of cheese, and this appears to be a desirable form in which to 
express the results of acidity determinations. 

We have already referred to the fact that we made deter- 
minations showing that all the calcium lactate of cheese is 
removed by extraction with water. This was shown by deter- 
mining the amount of lactate in cheese by the method given 
on p. 5, and also in the water-extract prepared as described 
above. For illustration, in the cheese itself we found in one ease 
0.58 per ct. of calcium lactate and in the water-extract, 0.587 
perc. 

DISCUSSION OF RESULTS. 

We will now bring together in comprehensive form: the results 
of the experiments described in this bulletin and discuss them 
with the purpose of seeking an interpretation of them in their 
application to cheddar cheese. We will consider the results 
under the following headings: (1) Changes in the proteids of 
cheddar cheese, (2) the changes in calcium and phosphorie acid 
compounds. 


CHANGES IN THE PROTEIDS OF CHEDDAR CHEESE. 


In the manufacture of cheddar cheese, the proteid of the 
insoluble curd (calcium paracasein) changes rapidly into a form 
that 1s soluble in 5 per et. solution of sodium chloride at 50 
to 55° C., until, in a few hours (9 or 10) after putting in press, 
‘the proteid, originally insoluble in warm dilute salt solution, 
becomes completely soluble in this solution. After reaching 
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this condition of solubility, the brine-soluble proteid undergoes 
another change into a form that is insoluble in warm dilute 
salt solution, the change going on rapidly at first and then 
gradually. Proteid in water-soluble form appears to increase 
only slightly, if any, until after all the proteid has become 
soluble in warm, dilute salt solution and has then changed to 
some extent into a form insoluble in salt solution. 

Thus. there appears to be the following series of successive 
changes: (1) From insoluble proteid as represented in the fresh 
curd (calcium paracasein) into (2) proteid soluble in warm, 
dilute salt solution, this into (3) proteid insoluble in salt solu- 
tion and this into (4) water-soluble proteid. Under these con- 
ditions, we should have: 

(1st.) All insoluble proteid (ealeium paracasein). 

(2d.) Mixture of (a) insoluble proteid and (b) proteid 
soluble in salt solution, the latter increasing at the expense of 
the former. 

(3d.) All salt-soluble proteid. 

(4th.) Mixture containing (a) salt-soluble proteid and (b) 
proteid insoluble in salt solution, the former predominating at 
first and then diminishing while the latter increases. 

(Sth.) Mixture containing (a) proteid soluble in salt solution, 
(b) proteid insoluble in salt solution and (¢) water-soluble pro- 
teids, the second form (insoluble in salt solution) decreasing 
and the water-soluble form increasing. In all of the analyses 
of cheese previously published' it is noticeable that there is 
always present in varying proportions each of these three dif- 
ferent forms of proteid. 

In order to show more clearly how this recent view of the 
series of changes in cheddar cheese differs from the former 
conception, we give the followmg statement of the views pre- 
viously held: The suecession of changes was believed to consist 
of (1) change from insoluble proteid (calcium paracasein) into 
(2) proteid soluble in salt solution, and this into (3) water- 
soluble proteids, under which conditions we were supposed to 
have,— 

1Buls, 214, 233, 234, 236 of this Station. 
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(1st.) All insoluble proteid (calcium paracasein). . 

(2d.) Mixture of (a) insoluble proteid and (b) proteid soluble 
in salt solution. 

(3d.) Mixture of (a) insoluble proteid, (b) proteid soluble 
in salt solution, and (¢) water-soluble proteids. 

It is thus seen that, according to the view formerly held, two 
points in the series of changes were entirely overlooked: (1) the 
complete conversion of the insoluble proteid (calcium para- 
casein) into salt-soluble proteid, and (2) the conversion of salt- 
soluble proteid into insoluble proteid. We formerly believed 
that the caleium paracasein of the fresh cheese-curd was at no 
time completely changed into salt-soluble or water-soluble forms, 
but that it persisted in some amount throughout the cheese- 
ripening process: whereas the insoluble proteid commonly found 
in cheddar cheese, now appears to be the product formed directly 
from the salt-soluble proteid. 

The newer view is more complex in that it involves more 
changes, but is somewhat simpler in that the first step in the 
series of changes appears to be complete before the succeeding 
one takes place, that is, all the calcium paracasein appears to 
be changed into salt-soluble proteid before the succeeding in- 
soluble proteid is formed. 

The newer view also makes clear a point which was never 
satisfactorily explained under the former conception. While 
it was held that water-soluble proteid in cheese was formed 
directly from the salt-soluble proteid, the former increasing 
while the latter diminished, the relation was extremely irregular 
and no explanation of this irregularity could be offered. The 
irregularity referred to can be readily seen by referring to the 
numerous analyses of cheese published in previous bulletins 
of this Station. The reason of this lack of uniform relation 
between salt-soluble and water-soluble proteid is now quite clear, 
if we understand that an intermediate insoluble proteid is 
formed, and that this precedes by some time the rapid forma- 
tion of water-soluble proteids. 
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CHANGES IN CALCIUM AND PHOSPHORIC ACID COMPOUNDS OF 
CHEDDAR CHEESE. 


Simultaneously with some of the changes occurring in the 
proteids, we have changes taking place in the inorganic econ- 
stituents of the cheese, especially the calcium and phosphorie 
acid compounds. ‘Tricalcium phosphate is the principal phos- 
phate in fresh cheddar cheese-curd. There is probably some 
dicalecium phosphate and also small amounts of tri- and di- 
magnesium phosphates, but these details are immaterial at this 
time. The main fact is that the calcium and phosphoric acid 
compounds of cheese which are insoluble at the start, gradually 
become soluble until about 80 per et. of the calcium and all of 
the phosphates appear in water solution. This change is due 
to the formation of lactic acid and its action upon the phos- 
phates of the cheese, changing insoluble into soluble phosphates 
and forming at the same time calcium lactate. The maximum 
amount of calcium is found in water solution at about the 
same time the phosphoric acid becomes entirely water-soluble. 
This appears to indicate that the water-soluble calcium present 
in cheese in its early history comes from inorganic combinations, 
mainly tri-caleium phosphate, and not from the calcium com- 
bined with paracasein as calcium paracasein. 

Another point of interest in connection with the calcium of 
cheese is that we find calcium present in the salt-soluble portion 
of cheese. In the cases in which special determinations have 
been made we find that about 20 per ct. of all the calcium in 
the cheese is in the salt-soluble portion. This suggests that the 
salt-soluble proteid either holds calcium salts mechanically or 
that the proteid molecule is still combined with calcium or some 
calcium compound and is not entirely calcium-free as we have 
previously believed. In the case of some unpublished work done 
by one of us on camembert cheese, it was found that the salt- 
soluble product became completely insoluble, at which time the 
calcium was entirely water-soluble. Question arises as to whether 
the salt-soluble proteid is necessarily free paracasein or whether 
it may not be a calcium salt of paracasein or a mixture of free 
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paracasein and calcium paracasein. Another question is as to 
the character of the change in the proteid in going from the 
salt-soluble to the insoluble form. These details we are at 
work on and are encouraged to hope that satisfactory explana- 
tions may be found for these questions. | | 

Associated with these questions is the characteristic behavior 
of the cheese curd which it manifests in its ductile and plastic 
properties. Has the presence of soluble calcium salts any 
peculiar influence upon the curd which accounts for these prop- 
erties, apart from any change in the composition of the proteid 
itself ? 

It may be further mentioned that the salt-soluble extract of 
cheese is always acid to phenolphthalein and the degree of 
acidity is about equal to that shown by calcium paracasein. 
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TECHNICAL BULLETIN No. 5.. 


CHEMICAL STUDIES OF CAMEMBERT CHEESE 
ALFRED W. BOSWORTH. } 


SUMMARY. 


1. Camembert cheese can be made in the laboratory which 
compares very closely to the cheeses found upon the American 
market, to the cheeses imported from Europe, and to those 
worked upon by other investigators. 

2. The only function of the rennet in this type of cheese is 
to coagulate the milk. 

3. The bacteria are responsible for the most important 
chemical changes which take place in the cheese during its 
early history. 

4. The changes caused by the bacteria, directly or indirectly, 
are as follows: 

(a) Lactic acid is produced from milk sugar; 

(b) This acid as formed combines with some of the insol- 
uble calcium which is present in a new cheese as phosphates 
and as calcium paracasein. 

(c) The lactic acid in combining with some of the calcium 
of the insoluble phosphates produces calcium lactate and sol- 
uble phosphates. These soluble phosphates are acid salts and 
increase the acidity of the cheese. 

_(d) The production of lactic acid in some way, as yet not 
known, has an effect upon the calcium paracasein whereby it 
is completely changed into a form soluble in 5 per ct. salt 
solution. 

' (e) The further production of lactic acid changes this salt- 
soluble compound into a form insoluble in salt solution and 
water, 

5. The acidity of camembert cheese is due, mainly, to two 
things: Paracasein and mono-calcium phosphate (CaH,P,O,). 
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6. One of the characteristic differences in the making of 
cheddar cheese and camembert cheese seems to be the proper 
control of the production of the salt-soluble compound and of 
the subsequent change in this compound. 

7. Molds are responsible for that part of the ripening of the 
cheese in which the compact insoluble curd is changed in 
texture and becomes a soft creamy mass almost entirely 
soluble in water. This is due to enzymes produced by the 
molds. 


INTRODUCTION. 


Early in the year 1904 some cheese investigations were 
started at the Storrs Agricultural Experiment Station, Storrs, 
Conn. This was codperative work carried on by the Dairy 
Division of the U. S. Department of Agriculture and the Storrs 
Agricultural Experiment Station. The author accepted the 
position as chemist for this investigation and worked upon the 
problems connected with it until May, 1905, when he accepted 
a position at the New York Agricultural Experiment Station. 

While at Storrs the proximity of Yale University permitted 
much time to be spent in the Laboratory of Physiological 
Chemistry of the Sheffield Scientific School and the author 
wishes to acknowledge that his studies upon the salt-soluble 
form of casein found in cheeses are due to the influence of 
Dr. L. B. Mendel of that Laboratory. 

The author also wishes to acknowledge the patie heli 
received through the opportunity to consult with Dr. L. L. 
Van Slyke, Chemist of this Station, and through his kindness — 
in allowing the work to be carried on along with the regular 
work of the laboratory. 

While connected with the cheese work at Storrs the author 
became much interested in the problems connected with the 
making of camembert cheese. He was unable to make a com- 
plete study of the chemical problems involved during his short 
stay there. Soon after taking up his duties at Geneva, study 
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of the problems was resumed as opportunity offered, with the 
hope of making some points more clear. 

This paper is therefore published at this time because the 
author is unable to continue the work at present, and it seems 
best to present the studies so far made with the hope that 
some time in the future the work may be continued and 
developed. 

It has been the aim to cover in this paper all the preliminary 
stages in such shape that a clear idea of the nature of the 
fundamental chemical changes may be obtained. Those inter- 
ested in the work are referred to the following bulletins on 
the subject which have been published by the Dairy Division 
of the Bureau of Animal Industry of the U. S. Department of 
Agriculture: 

Bulletin 71 treats the whole subject of camembert cheese in 
a preliminary way ; 

Bulletin 82 discusses the subject of molds used in making 
camembert cheese; and 

Bulletin 98 gives detailed directions for making this type of 
cheese. 

In these papers it is shown that in the making and ripening 
of camembert cheese there are three sets of active agents 
employed : | 

1. Bacteria are introduced into the milk to produce the 
proper acidity. These bacteria, or some of them, remain in 
the cheese and by the subsequent: production of acid are 
responsible for other deep-seated changes. 

2. Rennet is added to the milk to produce the coagulum or 
curd. / 

3. Certain kinds of molds are allowed to develop on the 
Surface of the cheese. These molds produce proteolytic fer- 
ments which are responsible for the changes the curd under- 
goes after the bacterial action is complete. 

Each of these agents produces a change in the cheese which 
is easy to follow and distinguish from the changes produced 
by the other agencies; for the changes occur at separate periods 
of the process. 
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After the rennet has set the curd, the bacterial activity is 
very marked and can be followed because the mold exerts no 
influence upon the cheese until after the curd is 12 to 14 days 
old. By that time the bacterial action is completed and the 
bacteria have been reduced to comparatively small numbers. 


METHOD OF MAKING CAMEMBERT CHEESE. 


A brief outline of the process of making and ripening 
camembert cheese is as follows: The milk is first brought to 
the proper degree of acidity, and the curd is then produced 
by the action of rennet, enough rennet being added to form a 
solid curd which can be cut in about one and one-half to two 
hours. 

The curd after being cut is allowed to stand in the whey a 
short time and is then ladled into forms and allowed to drain 
without pressure. After a few hours mold spores are sprinkled 
over the cheese. In about 24 hours the cheese has settled into 
a mass which will hold its own form. It is then rolled in salt, 
and carried to the ripening room, where it remains during the 
process of ripening, being turned occasionally to insure an 
even growth of mold on the surface. This ripening requires 
about four to five weeks to become complete, during which time 
the cheese is changed in texture and composition. The active 
agent, an enzyme produced by the mold which grows upon the 
surface of the cheese, begins to produce proteolysis at or near 
the surface and works towards the center of the cheese until 
the entire curd has been acted upon, being transformed from a 
compact, insoluble curd to a soft, creamy mass which is very 


soluble in water. With this change a peculiar flavor develops, 


characteristic of this type of cheese. 


1For more complete details of the methods of making and ripening this 


type of cheese the reader is referred to Bulletin 98, of the Dairy Division, 
Bureau of Animal Industry, U. S. Department of Agriculture, entitled 
“Directions for making the camembert type of cheese.” By Theodore Issajeff. 
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METHODS OF ANALYSIS. 


Van Slyke and Hart? have published methods for the separa- 
tion of the groups of proteolytic compounds found in cheddar 
cheese. For comparative studies their methods serve very well 
and have been used for the work contained in this paper, with 
but slight modifications. As the cheese is cylindrical in form, 
being about 4 inches in diameter and one and one fourth 
inches high, a sample the whole thickness of the cheese was 
taken for analysis. In taking a sample therefore a wedge 
shaped piece, weighing about 25 grams, with the apex at the 
vertical axis of the cheese, was taken. This was placed in a 
covered dish, weighed, and then rubbed up in a mortar with 
two successive portions of 200 cc. each of water. This was 
then heated in a water bath at 50° C. for half an hour, with 
occasional shaking, the supernatant liquid decanted onto a 
cotton filter and the extraction continued with 150 cc. portions 
of water until 1,000 cc. of solution was obtained. 

To secure the salt extract, the residue from the water extract 
was treated with a 5 per ct. salt solution in the same manner 
as described for obtaining the water extract. 

In determining peptones, tannic acid was always used. In 
this case 100 cc. of the water extract was placed in a 500 ce. 
flask, diluted to about 400 cc. and salt and tannic acid added 
according to the methods mentioned above, and allowed to 
stand over night. It was then made up to the 500 cc. mark fil- 
tered, and 100 cc. portions used for the determinations. 

Phosphotungstic acid was tried but seemed to possess no 
particular advantage for the work. 


COMPARISON OF THE CHEESES STUDIED WITH 
. THOSE FOUND ON THE MARKET. 


The general nature of this type of cheese was ascertained by 
Securing results of analysis by other workers and also by 
examining the cheeses as found upon the market. 


7N. Y. Agr]. Expt. Sta. (Geneva) Bul. 215. 
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The composition of camembert cheese as found by some 
investigators is given in the first section of the following table, 
which is taken from Richmond’s Dairy Chemistry; while the 
composition of cheeses analyzed by the author is shown in the 
second section. 


TABLE I.—GENERAL COMPOSITION OF CAMEMBERT CHEESE AS FOUND BY 
DIFFERENT INVESTIGATORS. 


Authority Water Fat Proteids Ash pan > 
Per ct. Per ct Per ct Per ct Per ct 
ECLA Ua wile . heen eet EG 45.24 30..@A 19:4 44 ae 
SALEMOE oo ue ed a's camer 50.90 oTsa0 18.66 3.14 | —— 
Cameron & Aikman......... 51.30 21.50 19.00 4.70 | —— 
Leffman & Beam....... 51.90 21.00 18.90 4.70 | —— 
Pearmain & Moor.......... 45.65 22°24 23.10 4.25 | —— 
Brriter, Es ee eee 48.78 21:35 19771 9.80 0.36 
The author 
Chetse AF naan 46 . 36 30.19 20.32 2.97 | —— 
Cheese BT... é iAncket ean: 45.87 St tes 17.90 3.53 | —— 


* A—Cheese 3 days old. 
+ B—Cheese when ready to eat. 


The nature of the nitrogenous compounds present in ripe 
camembert cheese is shown in the following table. 


TABLE I].—Forms or NITROGENOUS COMPOUNDS IN CAMEMBERT CHEESE 


| 
| 


¢ cies ‘go wor Ga ©! o! 
I o $ on US oo os Sad lwo ke 
% ae | See | Ss Bl eoa ose 
.) 3) n n 2 n n 
Analyst, and source of cheese £ R a= Ps mee |G. £88] &, 84 18,88 
lyzed “3 2 ao Sto. |S, 0g.9| Ste | Se, bo 
analyze R ~~ nigl @: ww ~~ 
a- Ig qed qBoOosSd Boo. gavo 
3) ee) ~~ eo YP hl,” Pk 
3 SH | 8485 |See ag) S8ea |Seea 
2 S2 BSBA |e BASS BR AO RE RO 
oH a Cy Cy Ay C4 
f Per ct. Per ct Per ct. Per ct Per ct. ‘Per ct. 
Analysis by Stutzer...... 2.90 96.03 | 46.03 | 40 1 
Analysis by author: 


Cheese made in Ger- 
BRADY. Syeda eras ba) s a —— | 60.37 | 32.67 (oy. 
Cheese made in France. 


2.79 
Cheese made in America| 3.39 3.11 | 91.74 | 66.24 | 22.51 11.25 


monia. 


3. 
Cheese made by author..| 2.52 | 2.25 | 89.29 | 35.11 | 44.89 | 20.00 


Cheese made by author... ——- | ——— | —— | 52.07 | 33.14 | 14.79 


——-— 
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Table I shows our cheeses to be normal in composition. The 
low water and high fat figures are due to the fact that we used 
whole milk which was rich in fat, and also to the fact that in 
Europe in some factories, it is said, the milk is first separated 
and then remixed in order to give a milk with a lower fat 
content. 

It will be noticed that our figures agree very closely with 
those given by Duclaux. 

Table II shows that there is no definite standard by which 
to be guided when we come to examine the amount of nitrogen 
in the different groups of nitrogen compounds. A wide varia- 
tion is found among cheeses known to be true camembert 
cheeses and of good quality. This we should expect; for when 
we are considering a question where enzymes are concerned 
there are many factors which influence the activity and no two 
cheeses could be handled in such a manner as to give the same 
absolute results. 

The main point in this connection is to secure a type of 
proteolysis similar in action to that in true camembert cheese. 
This has been done, as Table II shows. The details of con- 
trolling this to secure uniform results is another problem 
which is left to the practical cheese maker. 


CHEMICAL CHANGES IN CHEESE. 
RENNBET. | 
The rennet when added to the milk causes the casein to 
coagulate. This precipitate, or curd, carries down with 
it most of the fat and some of the milk sugar, together with 
some of the inorganic salts. In this type of cheese this seems 
to be the only function of rennet. 


BACTERIA, 

In order to study the chemical changes due to bacterial 
action two sets of cheeses were made and examined and the 
results are given in Tables III, IV and V. The figures in 
Table IV are obtained from those in Table III and will be 
readily understood. 
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«. The first set of cheeses was made as follows: Milk from the 
‘previous evening’s milking was heated to 86° F. and a small 
samount of starter added. Rennet was added in: amount to 
‘eurdle to the proper thickness in one and a half hours. The 
-eurd was then cut, allowed to stand in the whey one half hour, j 
and then dipped into forms made for the purpose. The whey 
‘was allowed to drain away without pressure and caught in 
bottles containing chloroform to prevent further bacterial 
action. | 

The first sample was taken 5 minutes after all the curd 
-had been dipped into the forms. The cheeses were examined 
at intervals of 2 or 214 hours during the first 24 hours and 
determinations made as indicated. in the tables. 
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TABLE IV.—CHANGES IN SOLUBILITY OF CHEESE CompouNDsS DurING EARLY 
RIPENING. . 
Si q 442 4 qo 1 @ 1 38 LOS 
E . ieee legl) | 
E 9 | eos] San) ee 
a Age of curd. Ss | 88s | B52 | eS | Pee | #8 
2 $ |geeg|/aeeg] 58 | aa8.] aOg 
jo) a O Da BK Ora og oO O05 nu D a 
q $3 | bSeS | eSao | 288 1 e0gn | coe 
a ° ® ) o o oO 
D = Ay Ay py Ay Ay 
Per ct. | Per ct Per ct. Per ct. | Per ct. Per ct, 
3 es Reg tae ps Ne os nr ,990 | 22.0 6.72 60322 — 42.42 
id 24 ours 524 o338 26.46 | 11.02 3.94 | 44.28°) 73753 39.02 
3 S aOUTe mecs eee 29.46 8.43 § .23.-| 55 saoutwno wer 39.53 
4 f BIOMTES puis Sts 32.57 7.30 | 16.04 | 70.70 |102.80 64.44 
Da 10" Hours cee oon 38.15 7.96 | 54.72 | 76.42 | 94.87 82.22 
Bo tae NeUrs: eA 40.17 8.53 | 28.91 | 78.73 |100.00 95.35 
Dif LA ROUTES Gc os cen 42.22 4.63 | 16.67 | 83.74 |100.00 95.75 
8 | 164 hours.......... 41.51 4.39 | 11.40 | 75.40-/100.00 97 .62 
9. (184 hourd.& vou & 42.02 7.98 | 15.02 —_— | —| —— 
105) 20s ROUTE Hae ee 44.42 4.84 | 15.32 | 88.24 —— | 100.00 
11.) 226 hovrs. 20%. 97.3 41.71 5.26 | 12.28 | 78.15. —— | 100.00 
12 2 GAN: Suse theca 42.70 5.70 4.39. | 77.42 — | 100.00 
13 5 -Gayet Got eee 63.37 6.56 6.56 | 61.95 —— | 100.00 


CHANGES IN THE MILK SUGAR. 

The curd soon after being formed contained 4.10 per ct. 
sugar. After being placed in the forms and whey allowed to 
drain away the sugar content is found to be 5 per ct. From 
this time the amount of sugar present is found to decrease. 
During the first 24 hours some of the loss is due to drainage of ; 
whey. 

CHANGES IN THE PHOSPHORUS. 

With this change in the sugar is noticed an increase in the 
amount of water-soluble phosphorus. The lactic acid, as 
formed by bacterial action on the milk sugar, unites with part 
of the calcium of the insoluble phosphates, forming calcium 
lactate and soluble calcium phosphate (CaH,P,O,). 


ACIDITY. 
Along with the decrease in sugar and increase in soluble 
phosphates is noticed an increase in the acidity of the water 
extract of the cheese. This acidity is not due directly to the 
lactic acid formed, for the lactic acid is not present as free 
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acid but as calcium lactate. The acidity is due to phosphates 
formed by the partial decalcification of the insoluble phos- 
phates by the lactic acid. 

In studying the changes in the phosphorus it was noticed 
that the maximum acidity of the cheese was reached at the 
time when all the inorganic phosphorus became water soluble. 
It was also noticed that the water extract of cheese is usually 
neutral or nearly neutral to litmus and quite strongly acid to 
phenolphthalein. If the acidity were due to lactic acid the 
reaction towards litmus would be as strong as towards 
phenolphthalein. This would be the case in a cheese less than 
12 days old. Up to that time the amount of water soluble 
proteids is quite small and constant and does not influence the 
acidity. The reaction of the cheese mass towards litmus is 
decidedly acid, due to the paracasein which reacts acid to 
litmus in the state in which it is found in cheese. 


CHANGES IN THE CALCIUM. 

Parallel with the other changes noted above, a change in 
the calcium is found. This is gradually rendered water sol- 
uble but does not reach 100 per ct. of the total calcium until 
after all the phosphates have become soluble. This is due to 
the fact that the calcium is present in two combinations, with 
the phosphoric acid and paracasein. The calcium combined 
with the phosphoric acid is all rendered water soluble before 
that combined with the paracasein. 

The change in the calcium is directly connected with the 
changes in the proteids. 


CHANGES IN THE PROTEIDS. 
By an examination of Tables III and IV it will be seen that 
the solubility of the proteid in 5 per ct. salt solution undergoes 
rapid changes. After 10 hours the salt-soluble nitrogen 
amounts to 54.72 per ct. of the total nitrogen and then drops 
to 28.91 per ct. The question at once arose as to whether 54.72 
per ct. was the maximum amount of salt-soluble nitrogen 
formed or did it at some time reach 100 per ct. of the total 
nitrogen. 
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This salt-soluble nitrogen is formed by the decalcification 
(either partly or wholly) of the calcium paracasein by the 
lactic acid which is produced by the action of bacteria upon 
the milk sugar. 

This change in the paracasein takes place quite rapidly and 
in order to study this point a special set of cheeses was made. 

In making normal cheese the ripening of the milk allows the 
development of a great number of bacteria and the change in 
the milk sugar, with the development of acid, goes on very 
rapidly. It was hoped that, by making a set of cheeses with- 
out the addition of a starter and omiting the ripening process 
in the milk, and by taking samples at short intervals a set of 
figures could be obtained showing the decrease in the milk 
sugar, the development of acidity, and the tees which the 
paracasein undergoes. 

A set of cheeses was made in this manner and the figures 
obtained are given in Table V. . 


TaBLE V.—CHANGES IN THE SALT-SOLUBLE COMPOUND, THE LACTOSE AND 
THE AcIDITY IN CAMEMBERT CHEESE MApE WITHOUT STARTER. 


& 48 oe Fe os ;3o3 ; 
q Ar ae ga g |S 8 
i w 8 = A a KS 2 = g 
Time sample | Ageot curd. | Se | Gog |S8e | a | SG] SBM 
: "8 | Sos | aaa BSSz| BES 
a © nOO®D Ons s & . . 1 
$3.) 856/886) & |2esa| see 
ea ie ole bh |< < 
Per ct. | Per ct. | Per ct. | Per ct Oe, Ces) 
1 p. m. 1st day 3 Hours. 52. 1.20 | 0.03 | 2.50 | 3.94 | 14.0 8.0 
5 p. m. Ist day a_ MOUTH £2) a5 1.78 | 0.06 | 3.37 | 2.68 | 14.0 6.7 
9p.m.I1stday.| 11 hours...... 1.75 | 0.06 | 3.48 | 2.19") 22.0 6.0 
. la.m. 2d day 1o-hours. =... 1.78 | 0.08 | 4.48 | 1.81 | 19.0 | === 
5 a.m. 2d day 19-houts..... 1 1.90 | 0.04 | 2.11 | 1.89 | 24.0 —- 
9 a.m. 2d day 23 hours...... 1.99 | 0.04 | 2.04 | 1.76 | 77.0 11.5 
1 p.m. 2d day.|. 27 hours... ... 2.13 | 1.02 |44.89 | 1.76 | 95.0 | ——== 
5 p. m. 2d day 31 hours...... 2.09 | 1.92 |91.87 | 1.48 |110.0 —- 
9 p.m. 2d day.|: 35 hours....4.. 2.45 | 0.91 |37.14 | 1.37 |115.0-| ——= 
9 a.m. 3d day Al DOuUTS: . ¢ «4: 2.28 | 0.86 (37.72 | 0.88 |182.0 | ——== 
9a.m.4thday.| 71 hours...... 2.20 | 0.68 |30.91 | 0.72 |147.0 | —= 
9 a.m. 5th da 95 hours. :... .”. 2.63 |.0.77 {29.28 |.0.50 |167.0 | =m 
9a.m.6thday.| 119 hours...... 2.51 | 0.92 (36.65 | 0.48 |182.0 —-= 
9a.m.7thday.| 148 hours...... 2.93 | 0.27 | 9.22 | 0.47 |152.0 — 
Sa; ine Oth day issu. es ok —| trace ——| sae 


The rennet was added to the milk at 10.00 a. m. March 10, 1906. 
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In this case a sample was secured showing 91.87 per ct. of 
the total nitrogen in the salt-soluble form. This percentage 
rapidly decreased, going down as low as 4.39 per ct. of the 
total nitrogen. The question at once came up as to what 
causes this double change in the paracasein. 

According to VanSlyke and Hart® the salt-soluble compound 
was thought to be base-free paracasein. Now if this is true 
we should expect all the calcium of the calcium paracasein to 
be split off from it and formed into calcium lactate which is 
soluble in water and would therefore be found in the water 
extract. That this is not the case will be seen by a glance at 
Table IV. There it is shown that all the phosphorus present 
in the cheese as phosphates becomes water soluble very early 
in the ripening, so that any insoluble calcium which may be 
present could not be there as phosphates. The calcium as 
calcium lactate would be in the water extract so that the only 
way the calcium could be combined would be with the para- 
casein. As confirming this we have the fact as shown in 
Table IV that the whole of the calcium does not become water 
soluble until all the paracasein has been changed from the 
salt-soluble form to a form insoluble in both water and salt 
solution. 

Work is being done by Dr. L. L. VanSlyke and the author 
to determine the nature of these changes in the cheese and 
what the changes in the paracasein are. 


THE FUNCTION OF THE LACTIC ACID BACTERIA. 


Previous work done by the author while connected with the 
U. S. Department of Agriculture shows that the rennet added 
to curdle the milk and the bacteria present in the cheese play 
practically no part in the ripening of the cheese after the first 
ten or twelve days; that is, up to the time when proteolysis 
begins. The actual ripening of the cheese from that point is 
due to the action of molds growing upon the surface of the 
cheese. 


*N. Y. Agrl. Expt. Sta. (Geneva) Bul. 261. 
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The real function of the bacteria may be placed under two 
headings. 

1. To change the milk sugar into lactic acid thereby produc- 
ing the changes in the paracasein noted in this paper. 

2. By their growth in great numbers and their production 
of acid to inhibit nearly all other forms of bacterial life. 

There seem to be good grounds for believing that the part 
the lactic organisms play in the ripening of nearly all types 
of cheese is the same, 7. e., to develop acid and thus bring about 
the changes in the paracasein. The extent of this change is 
quite different in the several types of cheese and may be one 
of the fundamentals which differentiate the types, their form 
of ripening and their flavor. 

As an illustration, take the camembert and cheddar types. 
In the camembert type the paracasein all becomes soluble in 
salt solution and all this is further changed into an insoluble 
form. In cheddar cheese the paracasein is all changed into 
the salt-soluble form but not enough acid is produced (due to 
the method of making this type of cheese) to change this all 
into the insoluble form. We therefore find in this cheese that 
from 25 to 50 per ct. of the nitrogen is present in the salt- 
soluble form.* 


MOLDS. 


The molds present upon the surface of the cheese play a very 
important, if not the most important, part in the ripening of 
camembert cheese. 

Spores are scattered upon the surface of the cheese when it 
is one or two days old; and these germinate and grow, produc- 
ing a white velvety mass on the cheese which turns a dirty 
green about the tenth or twelfth day, due to the ripening of the 
spores. About this time the true ripening of the cheese begins, 
due to the liberation of a proteolytic ferment which penetrates 
slowly into the cheese breaking the paracasein down into 


*The changes which take place in cheddar cheese have been worked upon 
by Dr. L. L. VanSlyke and the author. It was found that the changes are 
the same as in camembert cheese but not so complete. For a full discussion 
of these changes, their cause, effects and relation to cheese ripening, the 
reader is referred to Technical Bul. 4 of this Station. 
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simpler forms of nitrogen compounds. It requires about four 
weeks for the entire mass to be acted upon. 

The author has been able to secure a liquid which possesses 
strong proteolytic power by growing the kind of mold’ used 
in making camembert cheese upon a modification of Raulin’s 
fluid.® Proteolytic action was obtained in a range from 0.6 
per ct. hydrochloric acid to 1.8 per ct. sodium carbonate, being 
strongest in weak sodium carbonate. No studies have yet 
been made to ascertain the nature of this ferment. The only 
fact of importance noted is that a strong proteolytic action is 
obtained by it in the presence of considerable acid phosphate 
(CaH,P,O,) which condition exists in a cheese. 

The nature of the changes produced by the enzyme of the 
mold is shown in Table VI. 


TaBLE VI—CHANGES IN CAMEMBERT CHEESE DuE TO ENZYME ACTION. 


Percenta 

Total P ee of Sree fontotale ' Percentage | Percentage 

Age of cheese— | nitrogen | nitrogen in | pitrogen in | of total, | | of total. 

days. ay ba nuclein, form of form of 

Seems Pe eb es caseoses and amids. ammonia, 

Patsy peptones, 

Per. ct. Per ct. Per ct. Per ct. Per ct. 
a... PART 1 ie 3.30 8.42 0 
Bi; I ad 033 15.02 1138 7.69 0 
ae eek 16.02 8.54 7.48 © 0 
. 2.¢0 19.78 9.89 9.89 0 
ee 2.81 18.51 8.90 9.61 0 
Se 2.92 18.15 9.59 8.56 0 
10.. 2.81 25.98 12.46 13.52 8) 
i 2.92 25.68 4.79 20.89 0 
By ec 2.90 23.79 5.52 18.27 0 
14.. 2.92 che bol p | 40.07 16.44 0 
TS. 2.90 60.69 43.79 16.55 0.35 
| ae 2.65 60.00 43.02 16.23 Ong 
er 2.90 63.79 47.24 14.48 2.07 
Sn 2.65 67.55 47.17 ESFit 2u27 
a 2.61 80.08 54.41 17.62 8.05 


A study of Table VI will show the following facts: 
1. The water-soluble nitrogen does not increase appreciably 
until the cheese is ten days old. 


> Penicillium camemberti Thom. 
°U. S. Dept. Agr., B. A. I. Bul. 82, p. 16. 
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2. The extent of the proteolysis is great, over 80 per ct. of 
the nitrogen being rendered water soluble in 4 weeks. 

3. Considerable ammonia is produced but it does not appear 
until some days after proteolysis has started. 


GENERAL SUMMARY. 


The work presented in this paper, together with the other 
papers recently published,” demonstrates that the camembert 
type of cheese can be made in this country. The only difficulty 
is in understanding and controlling the complex changes which 
take place during the process of making this cheese. If the 
cheese is started correctly it will require little attention; and 
the chemical changes, when once started, work automatically. 

Due consideration must be given to the fact that, whereas the 
chemical changes are the same in the early stages of the ripen- 
‘ing as in the hard cheeses, they are, however, more extensive. 
Regard must be paid to this fact, and proper manipulation 
given the curd. 

It seems to be an established fact that the only function of 
the rennet is to produce the coagulation of the milk. Any 
proteolysis produced by the rennet is very small in extent 
during the few weeks required to ripen this type of cheese and 
may safely be said to be of no importance in the process. 3 

The bacteria also play no part in the proteolysis of the 
cheese. Their function is to change the lactose to lactic acid 
and thereby change the paracasein into a form ce 2 for 
the future action of the enzymes. 

It is also an established fact that the acidity of. cheese is not 
due to lactic acid® as commonly believed but to mono- calcium- 
phosphate (CaH,P,0,) which is formed by the action of the 
lactic acid, produced by bacterial action, upon the insoluble 
phosphates always found in fresh cheese curd. : 

The changes in the paracasein of the newly made cheese curd 
are more extensive than had hitherto been supposed, and the 


7 Loe. cit. 


8 Paper by the author read at the meeting of the Assoc. Off. Agrl. Che 
Nov., 1906. ‘‘The acidity of cheese and its determination.” 
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proof of another chemical change in the paracasein is estab- 
lished showing that the salt-soluble compound found by Van- 
Slyke and Hart® undergoes another change which renders it 
insoluble again and that this insoluble product is the one 
attacked by the enzymes in the cheese and changed further 
into complex groups of water soluble forms.'® 

A bare outline of the effect of the enzyme produced by the 
mold has been given in this paper, but it is sufficient to show 
the difference in the ripening of this cheese from the hard type, 
the rapidity, when started, and the “depth” of its action. 


® Loe. cit. 
10 For a more complete discussion of this point see Technical Bul. 4 of this 
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TECHNICAL BULLETIN No. 6. 


CHLOROFORM AS AN AID IN THE STUDY OF 
MILK ENZYMS. 


H. A. HARDING anp L. L. VAN SLYKE. 


SUMMARY. 


I. Solubility.—At 20° C. (68° F.) skim-milk is saturated by 
0.55 per ct. of chloroform-by volume. Normal milk containing 
5 per ct. of fat requires an additional 1.0 per ct. of chloroform to 
produce saturation. 

II. Germicidal action.—Skim-milk containing 3 per ct. of protein 
requires 0.2 per ct. by volume of chloroform to destroy the vegeta- 
tive bacteria gradually and 0.4 per ct. to destroy them within 24 
hours. In normal milk containing 5 per ct. of fat, 1.0 per ct. of 
chloroform destroys the vegetative forms gradually, 1.5 per ct- 
destroys them within 24 hours, while 2.0 per ct. accomplishes 
this result within 4 hours. The spores are not immediately de- 
‘stroyed even with excessive amounts of chloroform. 

In chloroformed cheese the germicidal action is slightly vari- 
‘able and a uniform destruction of the vegetative forms was not 
\obtained with less than 10 per ct. by weight of chloroform. 

II. Action on milk enzyms.—In skim-milk, digestion pro- 
'gressed at a uniform rate in the presence of chloroform varying 
from 0.2 to 0.7 per ct. by volume. With increasing percentages 
of chloroform there was a decrease in the rate of digestion, which 
in the presence of 2.5 per ct. of chloroform amounted to 12 per ct. 
of that occurring in the presence of 0.7’ per ct. of chloroform. 
Increasing the percentage of chloroform from 2.5 to 30 per ct. 
‘did not retard the rate of digestion much more than did 
(2.5 per ct. 

_ IV. Action on milk proteids.—Chloroform above the amounts 
\required to saturate the milk settles to the bottom carrying down 
\a portion of the casein. This is observable as a white, opaque 
layer. 
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INTRODUCTION. 


The announcement in 1897 by Babcock and Russell (1)! that 
an enzym inherent in milk, later called by them galactase,? 
was a_ considerable facia in cheese-ripening promptly 
attracted the attention of all students of this problem. The 
work of other investigators® has apparently confirmed Babcock 
and Russell’s early suggestion, namely, that milk contains a 
mixture of enzyms. <A record of our attempts to determine 
the action of chloroform when used in the study of these 
enzyms is given in this bulletin. fl 

In 1899 the problem of cheese-curing was assigned to the co: 
operative activities of the Dairy, the Chemical and the Bac 
teriological departments. The veka of their iny estigations 
have appeared in a series* of bulletins of which this is a 
continuation. The action of chloroform was briefly discussed 
in Bulletin 203, which also included some observations on the 
action of ether. : 

Barly in their work on milk enzymMs, Babcock and Russell ( (3) 
tested the action in milk of benzol, chloroform, toluol, xy lol, 
analin, arsenious acid, oil of organum, thymol, sodium fluoridal 
phenol, phenol and sodium chloride, oil of cores oil of cassia, 
oil of Ceylon cinnamon, turpentine and oil of mustard. They 
recommended only four of these substances—chloroform, ether, 
benzol, toluol—for the study of milk enzyms and of these they 
preferred chloroform. While we have used ether or formalde 
hyde in a few experiments as a check upon the action of chloro- 
form, practically all of our enzym study has been carried on 
with the aid of the latter agent. We chose chloroform for our 


‘The numbers in parenthesis refer to the bibliography at the end of the 
bulletin, in which the names of authors are arranged alphabetically, with 
different articles by the same author numbered consecutively. = 

? Babcock, 8. M., Russell, H. L., & Vivian, A. Properties of galactase, 
a digestive ferment of milk. Wis. Agr. Exp. Sta, Rept., 15: 77-86. 1898.7 

’Vandevelde, A. J. J. Les enzymes ~ du lait de vache. Revue générale du 
Lait, 6: 361- 370; 385-397; 414-422. 1907. Good bibliography. 

‘nN, Y. Agr. Exp. Station Bulletins 203, (1901); 214, 215, 19 (1902 
231, Gar 231 (1903) ; 245 ee 261, 263 (1905); ; Technical Bulletins 3 (1906 
4,5 (190 
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work for the following reasons: 1. It is*an active germicide. 2. 
It does not prevent a vigorous action of the enzyms. 3. It ap- 
parently has but little action upon the proteids of the milk. 
4. It is efficient in small quantities and does not markedly 
affect the dilution. 5. Its presence can be quantitatively de- 
termined. 6. It is not inflammable. 7. It tends to submerge 
the fat and thereby assists in sampling. 

Before undertaking a discussion of the relation of enzyms to 
cheese-ripening it has seemed best to treat the action and 
utility of chloroform in such a study in a separate bulletin. 
Much of the data here given is closely associated in origin 
and significance with that in a bulletin to follow upon the 
relation of milk enzyms to cheese-ripening. 

In the study of any enzym one of the first requisites is a 
substance which will repress those lower forms of life that 
so readily attack digesting solutions. An ideal agent for this 
work would be one which totally eliminates the organized fer- 
ments without, at the same time, exerting any influence upon 
either the enzym acting or the proteid acted upon. Unfortu- 
nately we know of no such substance for use in connection 
with milk. It is therefore of vital interest in our study of 
‘chloroform to note its germicidal action, its effect upon the 
enzym and its effect upon the proteids. 
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HISTORY. 
Although chloroform is commonly used in connection with 
enzym studies, discussions of its effects and limitations in § 
work are not numerous. The mere addition of a small qu 
tity of an antiseptic to a digesting solution is often given 
a sufficient proof of the elimination of organized ferme 
The criticism of the work of Stoklasa by Mazé° indie 
that more extended proof of the absence of germ action in § 
cases would be desirable. 
_ The germicidal effect of chloroform seems to have been fi 
observed in 1850 by Robin(1). He reported that pieces of 
meat plunged into chloroform or exposed to its vapors did 
not decompose. The humidity of the air was thought 
Robin to be the cause of decomposition. As the result of 
work of Pasteur and others, Miintz(1) in 1875 had a clea 
conception of the causes of fermentation. He made use 
chloroform in distinguishing between the organized and 
organized ferments and he observed that a prolonged expos 
of germs to the action of chloroform caused their death. — 
is interesting to note that he added 5ce. of chloroform to 200¢¢. 
of milk and stated that the mixture did not curdle during fou 
months. Two years later, with the aid of chloroform, Sehlot 
sing and Miintz(1) were able to establish the important fa 
that nitrate formation in the soil is due to the activity of g 
life. . ; 
Taking advantage of marked improvements in bacteriolog 
technique, Salkowski(2) in 1888 contributed an import 


~ 8 Mazé,P. Sur lisolement de la zymase des vegétaux et des tissus anim 
Ann. Inst. Pasteur, 18: 535-544. 1904. 


paper dealing with the applicability of chloroform to enzym 
study. He gave the results of a study of its germicidal effect 
on a number of bacterial species. His results may be summed. 
up in the following statement: So far as his observations went 
during some years of work, chloroform prevented all fermenta- 
tive processes dependent upon the metabolism of living organ- 
isms, as the alcoholic fermentation, the fermentative splitting 
of hippuric acid, the lactic fermentation and bacterial proteid 
decomposition; while it did not destroy the activity of the un- 
organized soluble ferments (enzyms), as, for example, ptyalin, 
pepsin, trypsin, invertins, diastases, etc. Salkowski found 
that 0.5 per ct. by volume of chloroform destroyed cholera and 
anthrax bacilli promptly but that it had little germicidal effect 
upon anthrax spores. He called attention to the necessity of 
closely confining the chloroform which would otherwise soon 
be lost by evaporation. } 

At the same time the germicidal action of chloroform was: 
being extensively tested by Kirchner(1). His study was 
carried out with a view to an improved method of sterilizing 
blood-serum. He worked principally with blood-serum but in 
some cases also used bouillon, milk and water. Part of his 
work was done with saturated solutions of chloroform but he 
commonly compared solutions containing 0.25, 0.50, 0.75 and 
1.0 per ct. by volume of chloroform. As test objects he used 
pure cultures of Bacillus prodigiosus, B. anthracis, B. typhosus, 
B. subtilis, B. zoppfi, Sarcina aurantiaca, Staphylococcus pyo- 
genes aureus, Spirillum asiaticae cholerae, “ Wurtzel” bacillus 
and a bacillus and coccus obtained from decomposing blood- 
Serum and also mixed cultures as they occur naturally in river 
water, decomposing blood, human and bovine feces and garden 
soil. The action of the chloroform was determined by aerobic 
and anaerobic cultures and the results were often expressed’ 
quantitatively. His findings were in accord with those of Sal- 
kowski. Kirchner found that all classes of vegetative bacteria: 
were destroyed by a 0.25 per ct. solution of chloroform in a 
Short time, varying from a few minutes with Spirilluwm asiati- 
cae cholerae to a few days with Staphylococcus pyogenes 


aureus. However, even an excess of chloroform was not im- 
mediately fatal to spores. Kirchner believed that chloroform 
had no effect upon them until such time as they germinated, 
when they were immediately destroyed. He observed that 
when an excess of chloroform was present the germicidal action 
was more marked in bouillon than in blood-serum and attrib- 
uted the difference to the higher percentage of chloroform actu- 
ally in solution in the bouillon than in the blood-serum. He 
again emphasized the necessity for a well-stoppered container 
on account of the ease with which chloroform may escape by 
evaporation. Reference has already been made to the extensive 
work of Babcock and Russell. 

The work of Smith(1) emphasizes the necessity of a well- 
closed receptacle since he pointed out that in a cotton-stoppered 
test-tube an abundance of liquid chloroform in the bottom of 
the tube would not inhibit the growth of bacteria in the upper 
layers of the supernatant liquid medium. In such cases eyapo- 
ration of the chloroform at the upper surface of the media 
seemed to take place faster than the solution of the same at the 
lower surface. 

While the earlier work was principally concerned with find. 
ing substances which would prevent germ action, attention was 
later given to the effect of such substances upon the activity 
of the enzyms. The results of these physiological studies have 
varied widely, depending upon variations in the conditions at- 
tending the experimental work. Unfortunately, these varia- 
- tions were not always recorded, since the worker was natu- | 
rally often unaware of the existence of important factors. 
Good examples of these differences are seen in the conflicting 
reports regarding the curdling of milk in the presence of chloro- 
form and in the controversy which was waged regarding the 
coagulating action of chloroform upon albuminous substances. 
~Green(1,2) reported the sterilization of vaccine lymph with- 
in eight days by saturating it with chloroform vapor. He found 
this treatment effective against Bacillus proteus, B. prodigi- 
osus, B. pyocyaneous, B. fluorescens, B.. coli, B. typhosus, B. 
diphtherie, B. mallei, B. pestis, B. tuberculosis and Spirillum 
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cholerae. He stated that this method of applying the chloro- 
form did not impair the activity of the vactine, while the addi- 
tion of liquid chloroform markedly reduced it. His conclu- 
sions have been tested by Carini(1) and by Nijland(1). Both 
found that vegetative bacterial forms were promptly destroyed 
by this treatment but that spores survived. Neither considered 
the treatment with chloroform superior to the former method 
of handling lymph with glycerin, since in some cases the ac- 
tivity of the vaccine was quickly destroyed and in general 
chloroform vaccine lost its virulence more quickly on standing 
than did vaccine treated with glycerin. 


QUANTITATIVE METHOD OF DETERMINING 
CHLOROFORM. 


The method used in determining the amount of chloroform 
present in milk or cheese is as follows: 

We place 5 grams of milk or cheese in a pressure bottle 
with about 100cc. of alcohol and 5 grams of caustic potash. 
The bottle is then heated in an autoclave for half an hour at 
230° F. (110° C.). The resulting chloride is determined by 
titration as for chlorine in sodium chloride. 


CURDLING OF MILK IN PRESENCE OF CHLOROFORM. 


In studying enzym action in milk, considerable interest at- 
taches to the interval before curdling and also to the char- 
acter of the curd. The appearance of sour, curdled milk is 
so familiar as to need no description. This is the character- 
istic result of germ action, and, where an inefficient antiseptic 
is added, curdling will occur within a few days. Acid forma- 
tion is practically an invariable accompaniment of such 
change. 

When the antiseptic is efficient, the milk remains unchanged 
for two to three months, depending somewhat upon the tem- 
perature. The milk then changes to a soft jelly which- is 
readily broken up on shaking. This soft coagulum differs so 
markedly from the ordinary curd due to germ action that it 
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often escapes observation. Mutintz, who was studying the in 
fluence of chloroform, in an effort to distinguish between organ 
ized and unorganized ferments, held milk four months unde 
the influence of chloroform and did not note that it curdled 
Salkowski(2) did observe that after some time (rather regu 
larly, three months) chloroformed milk changed to a soft jelly 
which could be broken up by vigorous shaking. He also state 
that Meissner had observed the same change in sterile mill 
and had ascribed it to a slow-acting rennet ferment. ) 

Again, when sterile milk stands undisturbed for a year 0 
more, the solids gradually settle leaving a thin layer of serun 
at the top. This seems to be merely a mechanical separation 
and on being shaken the milk resumes its usual appearance. 


SOLUBILITY OF CHLOROFORM. 


It seems fairly evident that, to be efficient as a germicide 
chloroform must be in solution. Salkowski(2) noted : that 
when a drop of the culture which was being tested remaine 
on the side of the tube above the level of the liquid, the germ: 
escaped the action of the chloroform. This was also show1 
in the experiments of Smith(1), where the presence of a bod: 
of chloroform at the bottom of the tube of culture mediun 
did not prevent germ growth in the upper layers of the sam 
tube. | | 

In Thorp’s Dictionary of Applied Chemistry the solubilit} 
of chloroform is given as 1 volume in 200 volumes of water 
Salkowski(2) gives it as 5cc. or 7.5 grams to the litre of water 
Kirchner(1) found that a litre of blood-serum dissolved onl 
4ce. or 6 grams. 


METHODS OF EXPRESSING SOLUBILITY. af 


Since the specific gravity of milk is approximately 1 anc 
that of chloroform is 1.48 there is a marked difference betwee 
percentages expressed by weight and by volume. As a mattet 
of convenience, mixtures of chloroform and milk are usually} 
made upon a volumetric basis, and, in the literature of the 
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subject, percentages by volume are usually given. Accordingly, 
in the present publication all percentages given are to be 
taken as percentages by volume unless the contrary is 
specifically stated. | 


SOLUBILITY IN MILK, 


-In milk it is difficult to distinguish between solution and 
emulsion when chloroform is added. When working with milk 
containing 4 to 5 per ct. of fat, 25cc. or 2.5 per ct. of chloroform 
is readily taken up by a litre; but when 50cc. is added, a por- 
tion settles to the bottom. Repeated shaking causes the chlo- 
roform to enter into intimate relation with the milk. In ex- 
tended trials with both centrifugally-skimmed milk and 
with normal milk having a fat content of 4 to 5 
per ct., chloroform was thus incorporated with the milk 
in practically all percentages up to equal volumes of chloro- 
form and milk. In a part of these tests the chloroform was 
added in portions of 2 to 5ce. in 200ce. of milk, while in other 
cases the additions were at the rate of 25 to 50cc. In these 
tests the chloroform did not separate from the milk even after 
standing some weeks. 

In the case of the larger percentages, it was very evident 
that something more than an ordinary solution was formed. 
The lower portion of the flasks was filled with a heavy, white, 
opaque layer, the thickness of which was proportionate to the 
amount of chloroform present. The tendency of chloroform 
to submerge fat is well known and this layer of fat tends to 
hide the other layer in normal milk unless the percentage of 
chloroform is relatively high. The relation of the chloroform 
to the fat, as well as the nature of this white layer, will be dis- 
cussed later. 

Taking advantage of the tendency of solutions to come to 
an equilibrium, duplicate bottles of milk were prepared con- 


_ taining various percentages of chloroform and, after ten days 


to two weeks, the chloroform actually in solution in the body 
of the milk was determined. The following table gives the 


'Tesults of two such sets of determinations, one with a milk 
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containing 5 per ct. of fat, and the other with similar milk 


from which the fat had been removed. In each case the bottles 


were shaken sufficiently to mix the chloroform and the milk 
thoroughly, and were allowed to stand, at approximately 20° 


C. (68° F.), for some days preceding the chemical analysis in 


order to ensure a settling out of the chloroform not in solution. 


TasLe I.—So.usiuiry OF CHLOROFORM IN MILK.* 


Milk containing s 
5 per ct. of fat.|  9Xim-millk 


Chloroform added. 


Chloroform Chloroform 
in solution. in solution. 
Per ct. Per ct. Per ct. 

Qa hk od Fe OS EL ee Ue ee ae ee 0.2807 0.486 
OO en A ee eS eee ¢ tae 0.582 0.589 
Bi Ose; Cle fac bale 2 Se ee a eek ee eee 0.582 0.572 
FOE | iad er pace enero NS EE ue PLA gS pone Ten ad, ' 0.566 0.550 
0 IRL Ae REED SOS ane Sb ie ce be Sear Uae Kei ES 0.476 0.55% 


*Determined by Mr. Bosworth. : 
+Each percentage is the average from two bottles. The duplicates agreed closely. 


With the exception of the bottles of milk containing 5 per ct. 


of fat, which received 1.0 per ct. of chloroform, the percentage 


of chloroform found in solution in the milk in these experi-_ 


ments is entirely independent of the amount added. The avyer- 
age of the solubility found in these 9 cases, gsr 18 
bottles, is 0.55 per ct. by volume. 

In the two bottles of normal milk receiving 1.0 per ct. of 
chloroform there was not sufficient chloroform to saturate both 


the fat and the milk. The percentage of chloroform given in the — 


table is higher than the true percentage of chloroform in the 
milk-serum, since in these bottles there was 1.4 per ct. of fat 
combined with chloroform present in the body of the milk. 
The close agreement between the solubility as here deter- 
mined for milk (0.55 per ct.) and the figures already given for 
the solubility of chloroform in water, suggests that the chloro- 


form dissolves in the water of the milk as it does in pure water, 


while the 3 per ct. of proteids present unites with about 0.05 
per ct. of chloroform in addition. 


a 


When the chloroform present is sufficient to saturate the 
milk and the fat, the excess associates with some of the casein 
and goes to the bottom, forming there the white layer referred 
to above. While the formation of this layer can be observed 
within a few minutes in the presence of a marked excess of 
chloroform, the material of which it is composed does not all 
separate quickly from the milk and may enter as a disturbing 
factor in determinations of the solubility of chloroform in milk, 
as the following experience will show. At the time that the 
samples of milk containing 5 per ‘ct. of fat were drawn for 
analysis one of the bottles containing 1.0' per ct. of chloroform 
was accidentally overturned, somewhat mixing its contents. | 
This bottle was allowed to stand 20! hours, after which samples 
were drawn and analyzed. These samples showed the presence 
in the body of the milk of 0.79 per ct. of chloroform. After 
standing quietly for a week an examination of this same bottle 
showed that its real percentage of chloroform in solution was 
like that of its duplicate, 0.28 per ct. 

That this variation in the two determinations was really 
due to this material in suspension is made fairly certain by 
the results obtained from an examination of 4 bottles of skim- 
milk which had been shaken 24 hours before examination. 
Duplicate bottles had received 5 and 10 per ct. of chloroform 10 
days before the examination and should have shown 0.55 per 
et. of chloroform in solution. The results of the examination 
made 24 hours after shaking varied from 0.90 to 0.94 per ct. 
with an average of 0.924 per ct. 


SOLUBILITY OF MILK-FAT. 


The solvent power of chloroform upon fat is well known, 
but in the case of milk this expresses itself in such a way as 
to have a distinct influence upon the germicidal value of the 
chloroform. This is well illustrated by the results of an ex- 
periment in which ten well-stoppered bottles, each holding 
150ce. of milk containing approximately 5 per ct. of fat, re- 
ceived successive additions of 0.5cc. of chloroform. There was 
no visible effect from the addition of 0.6 per ct. of chloroform, 
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the fat rising to the top in a sharply defined layer; but, when 
the amount reached 1.0 per ct., and more particularly 1.3 
per ct., there was sufficient fat diffused through the milk to 
give it a yellow tinge, and the thickness of the cream layer 
was noticeably reduced. With 1.7 per ct. of chloroform the 
cream layer at the top of the milk disappears and the fat col- 
lects at the bottom of the bottles. In bottles of similar milk 
containing 1.5 per ct. of chloroform there was a thin but evi- 
dent cream layer at the top of the milk. Deducting from this 
value the 0.55 per ct. found necessary to saturate the milk, it is © 
seen that approximately 1.0 per ct. of chloroform is required to 
saturate 5 per ct. of fat. 

In connection with the experiment already aire bai where — 
the solubility of the chloroform was determined in the presence 
of 5 per ct. of fat, the distribution of the fat was determined 
after the bottles had stood for some time. In the case of 1.0 
per ct. of chloroform, while there was a well-marked cream 
layer at the top of the milk, analysis showed that 1.4 per ct. 
of fat was present in the body of the milk. In the presence 
of 2 per ct. or more of chloroform, the fat was entirely removed 
from the body of the milk and collected at the bottom of the ~ 
bottles. | 2 == 

From this it will be seen that there is a strong tendency 
on the part of the fat and the chloroform to enter into a solu- 
tion relationship which takes the chloroform out of contact 
with the body of the milk. The specific gravity of this solu- 
tion evidently depends upon the relative amounts of fat and 
chloroform composing it. The effect of the formation of this 
solution upon the germicidal power of the chloroform will be- 
treated under a subsequent heading. 4 


GERMICIDAL VALUE OF CHLOROFORM IN MILK AND 
IN CHEESE. 4 


As has been noted, Miintz(1) observed that 2.5 per ct. by 
~ volume of chloroform prevented the curdling of milk during» 
four months. Salkowski(2) also observed that milk thor- 
oughly shaken with chloroform continued its original neutral 
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or faintly alkaline reaction. He referred to similar observa- 
tions by Meissner but without reference to where they were 
recorded. Kirchner(1) held flasks of chloroformed milk for 
four months and quantitative cultures showed that bacterial 
growth was inhibited. Babcock and Russell(3) showed that the 
efficiency of antiseptics in milk had been generally overrated, 
and they also found that variations in its fat content influenced 
the germicidal value, especially of ether, benzol, oil of cloves 
and oil of Ceylon cinnamon. 


BHEFECT OF SOLIDS IN MILK OTHER THAN FAT. — 


In order to determine more closely the influence of this fac- 
tor upon the action of chloroform, the following determinations 
were made. 

- Duplicate bottles containing 200ce. of sterile peptone bouil- 
fon and 0.1, 0.2 and 0.3 per ct. of chloroform, respectively, were 
inoculated with Iec. of a twenty-four hour bouillon culture of 
B. subtilis. The bottles were kept at 387° C. and shaken daily. 
At the end of one month no turbidity or sediment had been 
formed and there was no other evidence of growth. Cultures 
made from the bottle containing 0.1 per ct. of chloroform 
showed 330 germs per cc., which undoubtedly represented the 
spores present. _ A sterile cotton plug was inserted in place of 
the rubber cork and the bottle returned to the incubator. On- 
the following day the bouillon was turbid and an examination 
showed the presence of immense numbers of B. subtilis. The 
Temaining bottles were left for a month with their rubber 
stoppers in place and they remained without any evidence of 
growth. While 0.1 per ct. of chloroform was enough to pre- 
vent growth, the evaporation which occurred after the rubber 
Stopper had been replaced by the cotton plug promptly re- 
duced the concentration of the chloroform below the point 
Where it was efficient. In this experiment the amount of 
_ Solids was slight and the germicidal effect of the chloroform 
_ Was at its maximum. 
The influence of added proteid is shown in the following 
_ test with skim-milk which contained 8 per ct. of proteids. 


| 
| 
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Twenty litres of skimmed milk was mixed with 250ce. of - 
slime from a centrifugal separator and there resulted a germ 


content of 672,500 per ce. 


of chloroform. 


Duplicate bottles of this mixture 
received 0.1, 0.3, 0.5, 0.6, 0.8, 1.0, 1.5, 2.0, 10.0 and 20 per et. 


The effect of the chloroform upon the germ content is shown 


in Table 


II. 


The bottles were held at 32.5° ©. (80° F.). 


TABLE II].—GERMS PER CUBIC CENTIMETER IN CHLOROFORMED SKIM MILK.* 


Interval. 
ON 0.3 0.5 

Initial 672 ,|500 
a ae ey Aaa 241 ,000| 62 ,500/4,000 
site 34,500/3 ,000 
eS.) oe (181,000,000 _ 100|1 ,000 
| 21,000,000 1,000 40 
i Les Co Eero eee 72,200) 24 21 
4 1500 17; 268 
Pp is ote eas 40) 39 27 
oh 62 8 
GIGS ooh ahs 20) 30 37 
67 20 


1 


Percentage of chloroform by volume. 


*Determined by Mr. Nicholson. 


0.6 


10 ,500 
38 ,000 


100 
20 


31 
26 


60 
20 


89 
33 


1,000 
1,200 


1,700 
200 


13 
22 


12 
68 


25 
89 


1.5 


10 ,000 
2,000 


140 
100 


13 
10 


8 
i 


75 


2.0 


10 ,000 
3,000 


30 
100 
9 
it 


10 
3 


32 
26 


10. | 20. 
19 ,000|7,500 
100} 100 
13! > om 
40 22% 
8 32 
3, 
ig} 38m 
19} 24 


The results are given in pairs representing the duplicate 4 
In this experiment 0.1 per ct. of chloroform did not — 
hold the germs in check, although at first it destroyed a por-— 


bottles. 


tion of them. 
respectively. 


Apparently, 


These bottles curdled after two and four days — 
the chloroform entered into some — 


combination with the solids present, so that the growth was 
not prevented, as is shown by the high germ content at the 
end of a week. Before three months the number fell to as low _ 


a point as in the other bottles, 
cumulation of decomposition products. 


promptly to a point that undoubtedly represented little, ifs 


anything, more than spores present. 
0.3 per ct. or more of chloroform all curdled after about two | 
‘months with a curd ch aracteristic of enzvm action. 


These results were tested by a second series of bottles. 


probably on account of the ac- 


The germ content ing 
the bottles containing 0.3 per ct. and more of chloroform fell — 


The bottles containing 


a 


ays) 


The milk used in this experiment was twice passed through 
the centrifugal separator and the fat reduced to 0.015 per ct. 
The milk contained 408,500 germs per cc. Chloroform was ‘ 
added to duplicate, well-stoppered bottles at the rate of 0.1, 
0.2, 0.8, 0.5, 0.7, 1.0, 1.5, 2.0, and 2.5 per ct. The bottles were 
kept at 21° C. (60° F.). The numerical results of cultures 
made at the end of one, three and six months are given in the 
following table. 


TasieE II].—GerermMs PER Cusptc CENTIMETER IN CHLOROFORMED SKIM-MILK.* 


Percentage of chloroform by volume. 


Interval. 
0.1 0.2/0.3|0.5 0.7/1.0 L5) 23072.5 
PMO. ...s,...-.....|Curdled 48 | 38 | 36 | 30 | 33 | 46 | 35 | 46 
f 44 | 35 | 50 | 15 | 25 | 43 | 44 | 42 
Banos:.........:..|/loo many 33 | 30 | 39 | 25 | 12 | 26 | 15 | 25 
to count 43 | 30 | 38 | 15 | 19 | 12 | 16 | 33 
eee 189,000 | 18 | 18 | 12-| 14 | 21 | 10 | 10 | 138 
Pasbedeancencs as |} 14) 34) 14) 6] 8} 4/ 124.7 


*Determinations made by Mr. Nicholson. 


This table shows that while 0.1 per ct. of chloroform was not 
Sufficient to preserve this skim-milk, 0.2 per ct. reduced the 
germ content as successfully as a larger amount. It should 
be noted, however, that the first determination was made after 

an interval of one month. 

The bottles containing 0.1 per ct. of chloroform curdled 
after four and seven days respectively with a curd character- 
_istie of acid action, while all the remaining bottles curdled 
after slightly less than two months with a soft curd, char- 
acteristic of enzym action. 

In considering the action of a germicide in connection with 
enzym studies, it is important to know the rate at which the 
germs present in the digesting solution are destroyed, as well 
as the final limits of the destruction, since it is conceivable 
that in the interval sufficient enzym may be elaborated to 
affect the results markedly. 
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- Accordingly, in December, 1906, an experiment was carried 
out in which duplicate bottles of milk, which had been twice 
‘ passed through the centrifugal separator to remove the fat 
more completely, received chloroform at the rate of 0.1, 0.2, 
0.3, 0.4 and 0.5 per ct. respectively. The results of subsequent 
examinations are given in Table IV. 


TABLE I1V.—GERMS PER CUBIC CENTIMETER IN CHLOROFORMED SKIM-MILK.* 


Percentage of chloroform by volume. 


Interval 
0.1 0.2 0.3 0.4 0.5 
Injitial content| 166,000 . 
Glouts fh Pees 210,000 | 177,000 | 60,000 | 10,200 | 5,300 
290,000 | 205,000 | 81,000 | 18,200 | 4,000 
PA TROUT SS wk asa Too many 85,200 | 11,400 280 45 
to count 54,000 | 18,500 520 220 
DORVS2. Higiese ae eRe 250,000 | 21,500 | 4,800 30 120 
324,000 | 27,000 | 8,100 95 500 © 
REMUS yo Vicks he ain es [es BO ae 6,900 | 2,300 24 23 
Pee 16,700 | 2,700 182 ee 


* Determinations made by Mr. Priehae 


From these results it will be seen that all amounts above 
0.1 per ct. produced a steady decline in the germ content of the — 
In the case of 0.4 and 0.5 per ct., this decline was so_ 
sharp that within twenty-four hours the numbers present — 
could hardly represent more than the spore content of the 
In the case of 0.2 and 0.3 per ct., the decline, while — 
evident, was 80 gradual that at the end of eleven days vegeta- 
tive forms were still present in comparatively large numbers. 


milk. 


milk. 


From the above results, 


it would seem evident that while 


bouillon with 0.5 per ct. of proteid was at once protected from _ 
germ action by the presence of 0.1 per ct. of chloroform, skim-— 
milk with 3 per ct. of proteids required 0.4 per ct. of chloro, 


form to give it.an equivalent protection. 


_ EFFECT OF FAT UPON THE GERMICIDAL VALUE OF CHLOROFORM. 


Babcock and Russell(1) found that while 15 per ct. of ether 
vould preserve milk containing 4 per ct. of fat, heavy cream 


yee ara ree 2 y , ‘ 
MEP Nate ets nah va’ Cite pete er 


57 


required an equal volume of ether in order to prevent germ 
action. In this case the fat appears in some way to reduce 
markedly the germicidal value of the ether. The effect of fat 
upon the action of chloroform has been studied in-the follow- 
ing experiments. 

Bottles of normal milk containing 5 per ct. of fat received 
0.1, 0.2 and 0.3 per ct. of chloroform respectively and were 
mepeeato1- C.°(99° .F.). 


TABLE V.—GERMS PER CUBIC CENTIMETER IN CHLOROFORMED MILK Con- 
TAINING 5 PER CT, OF Fat.* 


Percentage of chloroform by volume. 


Interval. 
0.1 0.2 0.3 
Initial.... 780 ,000 313,000 720 ,000 
aD 97 ,000 222 ,000 255 , 300 
2 hours 147 ,000 390 , 700 212,000 
MU ee ss kw ee kt 583 , 000 2 ,884 ,000 447 ,000 
SS a 5,245 ,000 18,312,000 | Too many to 
count 
MIE fr ce op ec ce 451,970,000 | Too many Too many to 
to count count 
sl a Too many Too many Too many to 
to count to count count 
MT gw wk ee ke Curdled Curdled Curdled 


- *Determinations made by Mr. Nicholson. 


These results show that 0.3 per ct. of chloroform is not 
Sufficient to saturate 5 per ct. of fat in addition to the other 
Solids and leave enough excess to destroy the germ life. 
Accordingly, further tests were made with larger proportions 
of chloroform. 

In this case milk was obtained from the cow under such 
precautions that the germ content was only 31 per ce. 
Duplicate bottles received 0.3 and 0.5 per ct. of chloroform 
and were held at 37° C. (99° F.). The two bottles which 
contained 0.3 per ct. curdled on the second day, while both 
bottles containing 0.5 per ct. curdled on the third day. 

Duplicate bottles were prepared with milk containing 
5 per ct. of fat to which chloroform was added at the rate of 
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0.5, 0.8, 1.0, 1.5 and 2.0 per ct. The milk was held at 15.5° C. 
(60° F.). The germ content after various intervals is shown 
in Table VI. 


TaBLE VI.—GeERMS PER CUBIC CENTIMETER IN CHLOROFORMED MiLK Con- 
TAINING 5 PER CT. OF Fat.* : 


Percentage of chloroform by volume. 


Interval. a 
0.5 0.8 1.0 1.5 2.0 

Initial germ} content} 77,200 : 

GTiotire see .....-| 95,700 | 97,200 | 44,700 | 17,300 680: 
76,300 | 64,900 ; 60,000 | 6,600 2,130 - 

Ze NOUTS., . osu ok oo cdo ed OOD 12,000 860 330: 

' to count’ 15,000 1,800 430 

E month oi) soc ra sg ee ay, 250 78 110 

| to count 210s 99 110 


*Determinations made by Mr. Prucha. 


From this it is seen that while 1.0 per ct. of chloroform is | 
sufficient to reduce the germ content gradually, so that curd- 
ling occurs only after the interval allotted for enzym action, 
1.5 per ct. reduces the numbers to approximately the spore 
content within 24 hours. 

_ It is interesting to observe that, in this test, the germicidal 
action with 1.5 per ct. is approximately equal to that observed 
with 0.4 per ct. of chloroform in similar milk from which the- 
fat nad been skimmed. Thus the presence of 5 per ct. of fat 
neutralizes the germicidal action of about 1.0 per ct. of 
chloroform. | 

In our study of the solubility of chloroform in milk it was 
shown that 1.0 per ct. of chloroform was required to saturate — 
5 per ct. of fat. Accordingly, it would seem plain that the 
chloroform which ‘is absorbed in the fat layer at the bottom of — 
the milk is for all germicidal purposes removed from the milk. 

We frequently used chloroform in the study of enzyms in 
cheese where the fat content amounted to 20 to 30 per ct. Ac- 
cordingly two experiments were planned to determine the 
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effect of 10 and 20 per ct. of fat upon the germicidal action of 
chloroform. As they were in perfect accord, but one of them 
is here given. 

In order to obtain high percentages of fat, normal milk was 
enriched with fat in the form of melted butter, from which 
the casein had been removed by filtration, and the water and 
salt by decantation. The chloroform was useful in bringing 
this large amount of fat into an emulsion. Percentages of 
chloroform below 2.5 per ct. were not used since, with this 
percentage, a good emulsion was not produced and satisfactory 
sampling was thereby made difficult. The bottles were ar- 
ranged in two series, one containing 10 per ct., and the other 
20 per ct. of fat, and in each series there were duplicate bottles 
containing 2.5, 5.0, 10.0 and 20 per ct. of chloroform. The 
bottles were held at 15.5° ©. (60° F.). The germ content be- 
fore the addition of the chloroform was 17,120 per ce. 


TaBLeE VII.—GeERMS PER CuBIC CENTIMETER IN CHLOROFORMED MILK Con- 
TAINING ADDED FatT.* 


10 per ct. fat. 20 per ct. fat. 
Interval - Percentage of Percentage of 


chloroform. chloroform. 


225 bob 10 20 2.5 or tor 0044320 


ee | 2009 1 113 | 2551 244} 2... | g2+... | 168 
ide SBal) Poem ect See 
reer. ..,.....| 236 | 20 | 84 | 246 S40 407045942 


44 64 | 194 | 126 


oS 74 | 90 62 98 34 34 46 200 
60 | 116 | 182 52 176 52 30 156 


re 166 | 170 | 251 | 249 | 126 | 116) 194] 268 
| 211 | 250 | 261 | 215 | 144 | 280 | 641! 274 
ae 308 | 352 | 412 | 276 |2,546 | 308 | 360 | 207 
201 | 397 | 391 | 334 | 643 | 240 |:297 | 272 


*Determinations made by Mr. Rogers. 


| 
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It will be seen that the germ content remained high in all 
of the bottles even at the end of a year. This is probably due 


to the large number of spores in the melted butter. The 


numerical results are quite irregular since the fat globules 
transferred to the culture plates closely resembled colonies 
and made accurate counting difficult, with a tendency to too 
high results. None of the. bottles curdled until after the 


usual interval required for enzym action. The last analysis © 
of the bottles containing 2.5 per ct. of chloroform and 20 per 
ct. of fat indicates that germ growth was then taking place. 
At this time the quart bottles were nearly empty and evapora- — 


tion into the air space had further reduced the amount of 


available chloroform. It is probable that 2.5 per ct. is close 
to the limit of chloroform required to preserve milk containing 


20 per ct. of fat. 


RATE OF GERMICIDAL ACTION IN MILK. 


From the data already given, it is evident that the destruc: — 
tion of bacteria by chloroform is not an instantaneous matter 
but rather a progressive one, being dependent upon the amount | 
of chloroform which is active and upon the length of exposure 
to its influence. Under such circumstances, it is conceivable 
that, while the chloroform might ultimately destroy the germs 


in the milk, it might do this so tardily that in the interval there _ 
would be sufficient enzym formed to produce observable | 


changes in the compounds present. In order to obtain more” 
exact information of the rate at which the germs were destroyed ~ 
by different percentages of chloroform, duplicate series of 


bottles were prepared, containing normal milk with 5 per cle 
of fat and varying amounts of. chloroform. Each bottle cons 


tained 300cc. and was held at approximately 22° C. (72° F) | 


during the period of examination. Plates upon lactose agar 
were made in triplicate at short intervals and the results from 
these plates are given in aa VAIL. 


~ 
Pe om ai antennal ave 


61 


Taste VIII.—GermMs PER CuBIC CENTIMETER IN CHLOROFORMED MILK Con- 
TAINING 5 PER CT. OF FatT.* 


Percentage of chloroform by volume. 
Interval. ooo 
0.0. 0.5 1.0 1 Sis 2.0 2.5 
0 A 34, 600 24,500 | 33,200 | 19,800 | 12,000 OT 
41,300 27,500 | 24,500 | 16,000 | 5,980 OT 
i a 36 , 700 27,600 | 23,100 | 3,500 796 | .20 
30 ,000 28,800 | 18,800 | 5,220 973 | 30 
MOTB sss... 100 ,000 67,700 | 6,810 | 1,360 TS iea33 
118,800 53,300 | 9,980 | 1,710 | 163 | 114 
ES 112,800 28,700 | 6,430 795 85 | 43 
138 , 500 26,900} 11,210 | 1,220 90 | 44 
| te 5,070 ,000 143,000 | 4,100 400 38 | 641 
4,145,000 151,200 | 3,650 354 28 | 591 
Ee Ser 2,042,000 | 3,540 115 33 | 37 
a ie 1,585,000 | 3,090 242 32.) 25 
aS ee 6,613,000 | 3,436 |- 48 8121 
5,860,000 | 3,480 75 18 | 27 
Sibrsy. si... curdled 45,467,000 | 1,360 66 29 | 27 
¢ 43,600,000 | 1,100 123 43 | 19 


*Determinations made by Mr. Prucha. 
TNo colonies appeared upon plates with dilutions of 1-70, 1-200 and 1-1000 respectively. 


The results are given in pairs representing the duplicate 
bottles. The two control bottles increased in germ content so 
rapidly that the plates made at the end of 22 hours 
and subsequently were too thickly seeded to be counted satis- 
factorily. These bottles were both curdled at the end of 
48 hours. While 0.5 per ct. was not sufficient to destroy 
the germs, it retarded their growth so that curdling did not 
take place until after six and nine days, respectively. The re- 
_Maining bottles curdled simultaneously at the end of two 
months. 

In the case of 1 per ct., there was a gradual and decided de- 
crease in the germ content. This did not seem to be so much 
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the result of the extinction of given species as of the reduction 
of all the species present. After an exposure to the chloro- 
form for 50 hours, the flora was made up of non-spore-bearing 
lactic forms, a few yellow cocci, and a few spore-bearing 
organisms. 

With 1.5 per ct. of chloroform, the reduction was more 
rapid. After 10 hours the flora was made up largely of spore . 
producers with a few colonies of yellow cocci and a few acid 
producers. Plates made after 27 and 50 hours contained few 
but spore-bearing forms. 

The presence of 2.0 per ct. of chloroform cut the flora in 
80 minutes to spore-bearing forms and a few yellow cocci. 
Later examinations showed practically all spore-formers. The 
results with 2.5 per ct. of chloroform were the same, except 
that its action was quicker. The destruction was so prompt © 
that no colonies appeared on the plates made at the end of 
10 minutes. This does not indicate that the germs were all 
destroyed but rather that they were so reduced that they were 
excluded by the dilution used, which in this case was 1-70, 
1-200 and 1-1000. Plates made at the end of 80 minutes pro- 
duced colonies with a dilution of 1-10 but not with a dilution 
of 1-50. Evidently, something irregular occurred in connec- 
tion with the plates made at the end of 10 hours since the 
non-spore-bearing yellow coccus appeared among the spore- 
forming colonies on the plates only at this examination and 
the numbers on these plates were too high to harmonize with 
the results obtained either before or after this time. 

From these results, it is seen that with 2.5 per ct. of chloro- 
form the destruction of the vegetative forms is so complete 
and so prompt that it is extremely improbable that they would 
have time to exert any influence before their death. Likewise 
it is very doubtful if the occasional spore which remains alive 
is sufficiently active to exert any influence, since the first 
start toward germination would result in instant destruction. 
The same reasoning holds with 1.5 and 2.0 per ct., except that 
the interval between the addition of the chloroform and the 
death of the vegetative forms is measurable. With 1.0 per ct. 
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of chloroform the case is somewhat different, since vegetative 
forms persist for many hours. 

Since many of the forms present were lactic germs, a sensi- 
tive test of their activity was the reaction of the milk. Accord- 
ingly, at the end of 25 days the milk was titrated, using 
phenol-phthalein and decinormal sodium hydroxide. The 
- bottles containing 1.0 per ct. of chloroform showed an acidity 
equal to 25.6cc. of normal acid to the litre; with 1.5 per ct. 
chloroform, an acidity of 22.8cc.; and with 2.0 and 2.5 per ct., 
an acidity of 21cc. of normal acid to the litre. While these 
differences are slight, they are suggestive that, so long as vege- 
_tative forms are present, there may be a minimum amount of 
bacterial action in the presence of an amount of chloroform 
which is producing a constant diminution of the germ content. 


EFFECT OF PROTEIDS AND FAT IN CHEESE. 


It was shown on page 56 that the presence of 3 per ct. of 
proteids prevented the germicidal action of 0.8 per ct. of chloro- 
form, and on page 58 that the presence of 5 per ct. of fat 
rendered 1.0 per ct. of chloroform inactive. In average green 
cheddar cheese we have approximately 24 per ct. of proteid 
and 354 per ct. of fat, so that the need of a considerable per- 
centage of chloroform in order to prevent germ action is evi- 
dent. Calculated on the basis of the above results, the proteid 
should absorb 2.4 per ct. and the fat 6.8 per ct. of chloroform 
by volume. In the case of cheese, it is manifestly more con- 
venient to handle percentages by weight than by volume and 
the above, expressed as per ct. by weight, would be 3.55 per ct. 
and 10.06 per ct. respectively. It should be. noted that the 
change which takes place in the physical condition of the 
proteid in passing from milk to cheese is so great that these 
values may be subject to wide variations. That these figures 
are too high is rendered more than probable by the results 
given on page 59, where it was shown that milk with 3 per ct. 
of proteid and 20 per ct. of fat protected by 2.5 per ct. of chloro- 
form when 4.4 per ct. was indicated by these figures. 
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In preparing chloroformed cheese, the chloroform was added 
to the milk and the ordinary operations of cheese-making ~ 


carried out as usual. The milk used was of the quality: ordi- 


narily used for cheese-making, except that used in cheese 6.2, 


which had been obtained with special precautions to avoid 
undue contaminations. The chloroform was always added in 


quantities greater than would be readily absorbed by the milk | 


and, owing to its high specific gravity, the excess of chloroform 


settled toward the bottom of the vat but the stirring which © 


Ree Yc 
Se 


accompanied the process of manufacture tended to keep it dis- — 


tributed. A considerable amount of chloroform was retained 
in the finished cheese. When 2 per ct. by volume was placed 
in the milk, there was found approximately 6 per ct. by weight 


of chloroform in the cheese; while, with 5 per ect. by volume 
in the milk, 15 per ct. by weight remained in the cheese. Thus 


about 20 per ct. of the chloroform added to the milk was re- 
covered in the cheese. 
The cheese remained in the press 18 to 24 hours, when it was 
removed and sampled for analysis. The above-mentioned 
amounts of chloroform were present at this time. The cheese 
was now placed in a container supplied with chloroform and 
held at 15.5° C. (60° F.). This container consisted of a bell 
jar or carefully soldered galvanized iron can inverted over 
the cheese and fitting into a broad groove in a heavy wooden 


base. This base had been boiled in paraffin to fill all of the ~ 


pores and melted paraffin was used to seal the cover into the 
groove in the base, thus reducing the loss of chloroform and 
moisture to insignificant amounts. At regular intervals, the 
container was opened and samples taken for analysis with a 
sterilized cheese-trier. To replace the small amount which 
had been lost by leakage and evaporation, chloroform was 
added to a dish within the container at the time of each 
examination. 

The results of such examinations of a number of cheeses are 
given in Table IX. / | 
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TaBLE [X.—GxERMS PER GRAM IN. CHLOROFORMED CHEESE. 


Interval. 


Interval. 


ote ee eee 


6.2 6.71 6.7 II 6.111 6.11 II 
Bly Ete |B los. | Ele fle 
= | o¢ Shi eae) fe = Wiel nN = ee 
6 | FE & | FE) & fe) & | S| 8 | BE 
610 5 16 5 | oo 5 15 5 16 

21.6 612)15.11)4,345)15.50} 725/14.9)....)13.5).... 
'126.9| 780|..... 7. 300). se | hE let emi ee oe 
LSI 413)14.33 448 13.30 451|14.7| 310/138.1| 199 
19.4 480\16.50| 891)15.50) 605|14.7| 342112.7| 360 
8.6) 1,587|12.70|} 178|12.30; 200/15.2| 350\)14.8)] 130 
9.0/24,897|15.20 200 14.40 2,360|14.6)....)15.4).... 
Lom, Wee ea Bivsts eet 262/14.0| 840}14.6| 23] 

TasBiE [X.—-(Continued.) 

6.12 I 6.1211 | 6.14 IV 6.14 V 6.14 VI 

Ere One hg ee 

eee ea ee oy ho aoe ea hee hoe 

S| #E| o| FE; s|#E| 6] BE] 6 | BE 

515 S| 5 Bee sleet Oodle Ol he 
i 11.9|4,467 11.9|/2,280110.8) 724|12.4) 268)12.0; 268 
.| 9.1/4,105} 9.1|4,100|10.9| 294; 9.6)..... T1063 | oases 

....{11.0/3,700/10.4/8,500)12.0) 680)12.6/1,197/14.0) 504 
SSA NG, 2.x %e 2,320)... .|3,240/12.6) 209|12.4) 110)12.8)1 ,220 
11.6/1,420)10.4}1 ,320)12.0) 126/12.6) 200)13.2 220 

Bee cil, 7 be | Na 997|14.2) 220/14.2)} 500/14.0) 130 
BOO on. 220/15.6} 160)15.8} 1386)18.0| 368 


eS Oooo rnc .200OCr 
SSS 


6.57 I 6. 7d Get7 Lit 
Interval. ; S ; é $ : E 3 ; 
rs) afl! 3 n & S | ag 
a) G8) SER hoe bag 
546 4-5 feo S |S 
GARGS Ss, discs hh 5.2,2,500! 5.9/66,180/10.6| 210 
2 WEEKA iy. Senay oe 6.3} 189) 5.9 188/10.4|.... 
PMO svat fee ek 4.9) 500] 6.1/84,460, 9.6) 430 
KING, tse ee ek 0.8 160} 8.8 0}12.4} 90 
ee 1 Oe oe an ama 6.3} 450] 6.4) 120/11.0} 80 
Q ine. Bes ed 7.0). 80}. 7.2 180|12.0} 70 
12 mo Geert: SLBA a atrs 100|....| 593 
TabLEe IX.—(Concluded.) 
6.17 VI 6.17 VII 
Els | Bl s 
Interval. S A 2 Og 
S B65 | obs 
éis | 8/3 
2 days. .| 8.9}....1 6.6)2,400 
2 RVOCKA. ©. 1-0 shee epee an 11.2} 110} 6.4! . 190 
Ey, 83 Sere e s eke ee a ee ae 10.2). 80} 5.8). 260, 
SRO NAMB eam copa ieeu BAS Lehr ti tp 12.0; 140] 8.0} . 160 
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TasBLE IX.—(Continued.) 


6.17 


| Chloroform. 


IV 


Germs per 
gram. 

Germs per 
gram 


Germs per 
gram. 

Chloroform. 
gram. 
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It will be noted that in all cases the germ content is markedly 


below the numbers found in normal cheese. 
bers found at the first examinations can be attributed at least 
in part to spores. 


The high num- © 


The milk used in cheese 6.12 I and cheese 
6.12 II was of particularly poor quality with a correspondingly 
high germ and spore content. 
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The first chloroformed cheese was 6.2 and in this case the 
percentage of chloroform was excessive. The germ content 
was reduced to what could be regarded as hardly more than 
the spore content and it remained in this condition until at 
the end of six months. At this time the form of container 
which was described had not been fully developed and through 
an accident the larger part of the chloroform was lost. At 
this time the germ content rose to 1587 and at the end of 9 
months it was 24900 per gram. It seemed a natural inference 
from these results that more than 9 per ct. of chloroform was 
necessary in order to prevent germ growth in cheese. 

Cheeses 6.7 and 6.11 carried approximately 15 per ct. of 
chloroform and the counts were satisfactory except in case 
af 6.7 I at 2 days and 2 weeks and 6.7 II at 9 months. 

Cheeses 6.12 and 6.14 contained approximately 11 per ct. of 
chloroform and, while the results with the 6.14 series were . 
very satisfactory, those with 6.12 frequently gave excessive 
numbers. The latter cheeses were made from some purchased 
milk which proved to be of poor quality with correspondingly 
high germ and spore content. This would seem to indicate 
that the results obtained from the use of chloroform in this 
work were at least in a measure dependent upon the germ con- 
tent of the milk itself. 

The 6.17. cheeses were all made from efi milk, that of 
6.17 I being heated in the autoclave to 120° C., while the milk 
used in the remainder of the series was heated in a continuous — 
_ pasteurizer to temperatures varying from 95° to 99° C. in the 
case of different cheeses. In this series the chloroform varied 
from 5 to 15 per ct. in different cheeses. In all of these 
cheeses, the germ content was low except in the case of occa- 
sional analyses, frequently in the first taken just as the cheese 
was coming from the press. 

It is difficult to formulate a satisfactory explanation for 
these relatively high numbers found at certain examinations. 
In the case of cheese 6.17 I the milk should have been prac- 
tically sterile, while in the remainder of this series it should 
not have had a germ content of more than 200 per ce. Had 
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all of these germs been retained in the curd, it would not have 
accounted for more.than 2000 per gram in the pasteurized 
cheeses. The analyses give 2500 per gram from the practically 
sterile milk and as high as 66000 per gram from the pase a 
milk. 

Troili-Petersson,’ Gorini,’ Rodella,“* and Harrison® haye 


shown that the growth of bacteria in cheese takes place in the 
form of distinct colonies. In the chloroformed cheese these — 


colonies appear to be so widely separated that one is not often 
included in a sample. Observe that while the examination of 
6.17 II gave 66180 germs at 2 days and 84460 at 1 month, it 
gave only 188 at 2 weeks and the plates at 3 months, contain- 
ing one-twentieth and one-fortieth of a gram of cheese respec- 
tively, remained sterile. In some instances, where unusually 
_ large numbers were found at the regular examinations, plates 
made a few days later gave the usual small numbers. 

It may be suggested that these colonies are the remains of 
the growth which occurred in the milk previous to the addition 
of the chloroform. While this may be possible, it does not 
seem probable that colonies formed in the milk would remain 
intact and alive while passing through the pasteurizer, the 
paddles of which revolve 300 times per minute. Further our 
study of the efficiency of this same pasteurizer, as given in 
Bulletin 172, would indicate strongly that this does not occur. 
The chloroform was added within a few minutes after the 
heating and our previous results have shown that the amount 
of chloroform present was sufficient to inhibit growth promptly 
in the milk. The conclusion seems almost unavoidable that, 
at least in the 6.17 series, these colonies were formed in the 
cheese in the presence of the chloroform. It should be noted 


§ Troili-Petersson, Gerda. Studien ueber die Mikroorganismen des schwed- 
ischen Giiterkises. Cent. Bakt. u. Par., II Abt., 11: 120-143; 207-215. 1903. 

7 Gorini, C. Sur la distribution des bacteries dans le fromages de Grana. 
Rev. gen. du Lait, 3: 287-293. 1904. 

7a Rodella A. Einiges liber die Bedeutung der direkten microscopischen 
Praparate fiir das Studium des K4sereifungsprozesses. Cent. Bakt. u. Par., 
IT Abt., 15: 143-153. 1905. 


8 Harrison, F. C. The distribution of lactic acid bane in curd and - 


cheese of the cheddar type. Revue générale du Lait, 5: 409-415. 1906. 
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that even in these cases they appeared only in the cheese with 
small percentages of chloroform. | 

_ It is regrettable that while the germicidal action of chloro- 
form in cheese is so marked there should be the occasional 
production of colonies as indicated in the above results. The 
most satisfactory method of estimating the possible signifi- 
cance of such colonies is by a discussion of the relative chemi- 
cal changes in cheese in which they did, and in which they 
did not appear. This will be presented in a later bulletin 
upon the relation of enzyms to cheese-ripening. 


BHFFECT OF CHLOROFORM UPON ENZYM ACTION. 

Since so little is known regarding the constitution of enzyms, 
it is not to be expected that the mode of action of the chloro- 
form upon enzyms will be clearly understood. Our knowledge 
here rests principally upon observed variations in the rate of 
action of enzyms under different. circumstances. In such 
cases it is often impossible to determine whether these varia- 
tions are due to the action of the chloroform directly upon 
the enzym or indirectly by changes induced in the substance 
upon which the enzym acts. 

INFLUENCE OF OXYGEN UPON THE ACTION OF CHLOROFORM. 

Malfitano(1) found that the influence of chloroform upon 
_enzym action was markedly affected in some cases by the 
absence of oxygen. Thus the autodigestion of bacteria was 
stimulated by the addition of a drop of chloroform to a cotton- 
stoppered tube containing a suspension of the organisms, while 
this digestion did not take place if the air was removed and 
_ the tube sealed at the time the chloroform was added. He 
reasoned that this difference in digestion was due to the 
absence of oxygen, since the same inhibition of the enzym 
action occurred when the culture tube was filled with hydrogen 
before sealing. | 

In the case of pancreatic juice under similar conditions, 
chloroform noticeably hindered the action of the enzym and, in 
the absence of oxygen, practically stopped digestion. While 
the presence of chloroform weakened the action of pepsin, 
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there was no appreciable difference in its rate of digestion in 
the presence and in the absence of oxygen. Fibrin in a physi- 
ological salt solution digested rapidly and quite completely in 
the presence of oxygen and an excess of chloroform, while a 
second portion of the same fibrin under parallel conditions, 


except that the container was sealed after the removal of the 


air, digested but little. 


In our study of milk enzyms we have necessarily conducted 


our experiments in sealed containers, since the rate of action - 


was slow and, unless closely confined, the chloroform would 
evaporate, leaving the milk or cheese open to the action of 
bacteria. It is interesting to observe that, in the light of Mal- 
fitano’s results with the bacteria, the action of such bacterial 
enzyms as might be present in the milk or cheese would be 
hindered, if not prevented, by the conditions under which our 
experiments were conducted. It should be remembered how- 
ever that he worked with an almost entire absence of oxygen. 
The results obtained by Babcock and Russell with pancreatin 
and trypsin (see page 71), indicate that the amount of 
oxygen inclosed in a bottle may be enough to supply the needs 
of these enzyms. 


EFFECT OF CHLOROFORM UPON DIFFERENT ENZYMS. 


The prevailing opinion regarding the effect of such sub- 4 


stances as chloroform upon enzym action, as expressed by 
Grtitzner(1) is that “if one works with large quantities of the 
ferment, one can use the antiferments, substances which de- 
stroy the organized ferments, as thymol, chloroform, etc., with- 
out affecting the ferment action in a noticeable manner. 
Where the amount of ferment is small or where the aim is to 


discover traces of ferments, one must not use these antifer- — 


ments.” This inhibiting effect of given chemicals does not 

appear to be equal toward all enzyms. 3 
Salkowski(6) was able to demonstrate the presence of a 

diastatic enzym in the liver in the presence of chloroform and 


he found that the digestion of fibrin proceeded in the presence — 


of 0.5 per ct. of the same agent. As has been already cited, 
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Malfitano(1) stated that an excess of chloroform did not pre- 
vent a practically total digestion of fibrin. According to 
Jacobson(1) the action of emulsin upon hydrogen peroxide 
is only slightly diminished bythe presence of 10 per ct. of 
chloroform. 
 Bertels(1) found that a saturated water solution of chloro- 
form retarded the action of Finzelberg’s pepsin but did not 
have a similar action upon a solution prepared from the fresh 
stomach of a pig. Dubs(1), in going over the same ground, 
found that chloroform in 0.28 to 0.36 per ct. concentration 
accelerated the action of scale-pepsin, while a saturated watery 
solution retarded its action. He attributed this variation in 
the results of its action to the presence of proteids in the 
solution. 

Work at the Wisconsin Station® showed that pepsin in 
the proportion of 1-25000 would not attack amphoteric, boiled 
milk in the presence of 2 per ct. of chloroform but, when 0.2 per 
ct. of hydrochloric acid was added to the mixture, the pepsin 
became active. At the end of 56 days, 46 per ct. of the nitro- 
gen of the milk was in a soluble form. 

Griitzner(1), in working with the pancreatic ferment, found 
that its action was checked by chloroform water even when 
diluted 10 to 20 times. 

At the Wisconsin Station commercial pancreatin in the 
proportion of 1-25000 parts of amphoteric, boiled milk in 2 per 
ct. of chloroform acted so energetically that 52 per ct. of the 
nitrogen of the milk was soluble at the end of 56 days. Two 
_ tests with commercial trypsin in the same concentration and 

under similar circumstances gave 86 per ct. and 87 per ct. of 
soiuble nitrogen respectively at the end of 56 days. 

The ability of milk enzyms to produce a digestion of the 
milk in the presence of chloroform and similar substances was 
announced by Babcock and Russell(1) in 1897 and evidence 
on this point has been furnished in a number of papers. These 


* Babcock, S. M., Russell, H. L., Vivian, A., & Hastings, E. G. Action 
of proteolytic ferments on milk with special reference to galactase, the cheese- 
ripening enzyme. Wis. Agr. Exp. Station Report, 16: 157-174. 1899. 
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results have been substantiated by von Freudenreich,* 
Jensen** and others. An _ observation of - Salkowski’s(4) 
stands in such sharp contrast to their results that it deserves 
mention. He reports that two samples of normal milk con- 
taining 0.8 per ct. of chloroform showed no demonstrable evi- 
dence of proteolysis after standing 13 years. 


In our own experience covering a large number of experi- - 


ments and extending over 8 years, every sample of milk in 
the presence of chloroform has undergone a gradual but well- 
marked proteolysis. Further discussion of the enzyms of milk 
is not given here, since it is proposed to devote a bulletin to 
this subject later. 


EFFECT OF CHLOROFORM UPON MILK ENZYMS, 


For the purposes of this study, it seemed desirable to re- 
move the fat from the milk, and accordingly the milk used in 
these experiments was twice passed through a centrifugal 
separator. In so doing, the amount of enzyms was unavoid- 
ably reduced and the resulting action was less rapid than 
would have been the case in normal milk. 

In order to determine accurately the inhibiting effect of 
chloroform, the standard of comparison should be the action 
which takes place in the absence of the substance being tested. 
In the case of milk, this is not possible, since, unless there is 
sufficient chloroform present to repress the bacteria, they will 
promptly induce such profound changes as to obscure the ac- 
tion of, the inherent milk enzyms. This took place in the case 
of some of our bottles containing the lower percentages of 


chloroform where the bacteria were not repressed. The first © 


experiment was designed to test the range from amounts which 
would not hold the bacteria in check up to 2.5 per ct., which 
was the percentage ordinarily used in our studies of the milk 
enzyms. | | 


* eae 


10von Freudenreich, Ed. Ueber das in der Milch vorhendene unorgan- ~ 


isierte Ferment, die sogenannte Galactase. Land. Jahrb. Schweiz, 14: 49-55. 
900 


ut Jensen, Orla. Studien ueber die Enzyme im Kase. Landw. Jahrb. 


Schweiz. 14: 197-233. 1900. 
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In this experiment duplicate bottles of milk received 0.1, 
0.2, 0.3, 0.5, 0.7, 1.0, 1.5, 2.0, and 2.5 per ct. of chloroform, 
respectively. Each bottle contained 1 litre, the milk coming 
from our own herd and normally containing 5 per ct. of fat, 
but in this case the fat had been removed until only 0.015 per ct. 
remained. The bottles were held at approximately 15.5° C. 
(60° F.). The results of the chemical and bacterial examina- 
tions are given in Table X. 


TABLE X.—SOLUBLE NITROGEN IN CHLOROFORMED SKIM-MILK.* 


Percentage of chloroform. 
Interval. 


Ee OF ty Or Oat Usa OA LO baa .Os 1425 


Soluble nitro|gen exprjessed |in per) centa/ge of |total | nitro|gen 
OS 14.1614. 16|14. 16,14.16)14.16)14. 16)14.16|14. 1614.16 
a 35.55/37 .42/37 . 50/35 . 38/31 . 50/26 . 52/25 . 45/25 .63 

35.54/38 .06/36 . 14/35. 27/33 .69/30.18)/25.81/28 .07 


se 45 .72\45 53/49 . 18/49 . 10/45 .66/39 . 96/39 . 77/35 .60/38 .67 
44 .73)44.20/48 .98/48 . 18/46. 74/38 .93/35 49/34 .92/34.02 


Ga ear 41.70/51.50|50.58/50.42/50.64/43.88/39 .96/43.29'35.07 
47 .20)48 . 26/50 .01/48 . 35/50 .00/43.48/42 .06/39 .85 40.23 


Bacteria per cubic cent!imete'r foun|d in t'hese | milks 


Ses 11627000). 2. i osealdeaz.|igovahe ead. helo use eal. 
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44, 351 50| 15) 25) 43! 44! 42 
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*Chemical determinations by Mr. Hart and bacteriological by Mr. Nicholson. 


Since the first demonstrable effect of enzyms in milk is to 
bring nitrogen into solution, the percentage of nitrogen in this 
form has been-used as a measure of enzym action. 

~The bacteria were not held in check in the bottles contain- 
‘ing 0.1 per ct. of chloroform and this milk curdled at the end 
of four and seven days, respectively. There were many thou- 
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sands of bacteria per ce. present at the end of three months 


but the colonies developed so thickly on the plates that acecu- 


rate counting was not possible. Plates were prepared from - 


only one of the bottles at the end of 6 months and 188700 per 
ce. were found. It was difficult to obtain satisfactory samples 


for chemical analysis from the curdled mass and these results — 


were therefore somewhat irregular. While the total digestion 
was not greater than in the bottles where the bacteria were 


destroyed by the chloroform, it was characterized by the pres- — 


ence of measurable amounts of ammonia. 


No ammonia was found in any of the other bottles; the 


germ content was uniformly low and the milk did not curdle 
until after about two months. From these facts, it seems a 
justifiable assumption that, in the case of these bottles, the 


action of germ life was excluded. This must certainly have © 


been the case with the bottles containing 0.5 per ct. or more of 
chloroform. i 
_ The determinations of the soluble nitrogen show that, in the 
bottles containing chloroform in percentages ranging from 0.2 
to 0.7 per ct., the rate of enzym action was practically uniform, 
and at the end of 6 months there was approximately 50 per ct. 
of the nitrogen in the soluble form. The digestion in the bot- 


tles containing 1.0 per ct. or more of chloroform was less rapid — 


from the beginning and this retardation of the enzym action 
increased with the increase in the percentage of chloroform 


present. In the bottles containing 2.5 per ct. of chloroform, — 


the average content of soluble nitrogen at the end of 6 months 


was but 38 per ct. of the total nitrogen. 


This observed decrease of 12 per ct. in the activity of the 


milk enzyms, when comparing their action in the presence of — 
0.7 and 2.5 per ct. of chloroform, respectively, was undoubtedly © 


due to the unfavorable action of the higher percentage of i 


chloroform. 

In view of these results, it is important to know the effect 
of such higher percentages of chloroform as were used in the 
cheese work. Accordingly, duplicate bottles were prepared — 


containing 2.5, 5, 10, 20 and 30 per ct. of chloroform, respec- E 
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tively, in skimmed milk. The milk had been twice passed 
through a centrifugal separator and contained only 0.025 per 
ct. of fat. One litre of the mixture was put into each bottle 
and the bottles were held at 15.5° C. (60° F.). 

The soluble nitrogen and the germ content of the bottles at 
the end of various intervals are given in Table XI. 


TABLE XI.—SoLUBLE NITROGEN IN CHLOROFORMED SKIM-MILK.* 


Percentage of chloroform. 


Interval. ia Win Aen 
2.5 5; On 5)-10.0°- 1 20.0% 30.0 
Soluble nitrogen”expressed in | percentiage of tjotal ‘nit|rogen 

Se 10.59.; 9.63; 9:85.) 9.97-| 13.33 
9.00 | 11.19 | 12.49 | 11.85 8.08 
aoe Pie See 16:09 4° 18.47) 18.87.) 13.76 | 12.73 
10.94 | 17.77 | 15.90 | 18.42 | 15.85 
Ee pose e in aise oe yci> crs 22.58 | 22.82 | 22.08 | 22.31 | 24.32 
16-17 )-21.99 | 22.72") 20.26 |° 21.12 
a eee 31.71 | 31.94 | 30.29 | 37.74.| 32.23 
21.65 | 34.59 | 32.00 | 28.09 | 32.76 
eg a ve sgecv ses tomes» 42.18 | 38.83 | 34.79 | 35.82 | 36.40 
35.41 | 39.54 | 37.76 | 38.88 | 35.01 


ee ra 51.81 | 47.52 | 42.19 | 44.47 | 45.40 
5 43.89 | 52.54 | 46.97 | 47.04 | 42.92 


Bacteria per cubic centimeter |found in these milks 
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Be pemical determinations by Messrs. Le Clerc, Patten and Hart, and bacteriological by ° 
r. Rogers. 
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The large percentages of chloroform promptly reduced the 
bacteria to numbers which represented only the most resistant 
spores in the original milk. | 

A comparison of the results here given in case of 2.5 per ct. of 
chloroform with those obtained under similar conditions as 
given in Table X shows that in the two experiments the diges- 
tion progressed at approximately the same rate under similar 
conditions. i 

In this table the analyses of the pairs of bottles are given 
each time in the same order and it will be noticed that there 
are distinct differences in the rate of digestion in the different 
bottles. Thus the soluble nitrogen in one of the bottles con- 
taining 2.5 per ct. of chloroform is high during the entire 
experiment, while, at the same time, in its duplicate the per- 
‘centage of soluble nitrogen was among the lowest in the 
entire series. 

While the differences are not marked, there is indication of 
a slight retarding action with the increasing percentages of 
chloroform, but this is by no means so well marked as with 
the range from 0.7 to 2.5 per ct. 

In attempting to reason from these results to the probable 
action of the chloroform upon the enzyms in cheese, it should 
be remembered that there is a marked difference in the physical 
condition of the material in the two cases. With milk, the 
chloroform settled to the bottom in all bottles containing 5 
per ct. or more of chloroform, while in the cheeses it remained 
more evenly distributed throughout the mass. This is in a 
measure offset by the fact that the percentages of chloroform 
tested in the milk were much higher than in the case of 
cheese, and that there was little increased retarding action 
shown by these higher percentages of chloroform over that 
shown by 2.5 per ct. 4 


EFFECT OF CHLOROFORM UPON PROTEIDS. 


The effect of chloroform upon the rate of digestion through 
its action upon the milk proteids is so closely related to its 
action directly upon the enzym that in our studies we have 


{ 
+ (7 
not attempted to differentiate them but have measured the 
combined effect and given the results in Tables X and XI. 
There are, however, other phenomena in connection with the 
use of chloroform which can be directly observed and which 
deserve notice. 

In an early communication Salkowski(2) called attention 
to the coagulation which takes place when blood is preserved 
with chloroform and Formanek(1), Kruger(1) and Salkow- 
ski(7) have more recently discussed its action as a precipitant 
for haemoglobin. 

Kirchner (1) observed that blood serum coming in contact 
with the drops of chloroform turned a grayish white and, during 
the years that chloroform has been used as a means of presery- 
ing proteid solutions, it has been a matter of common observa- 

tion that a white accumulation commonly forms on standing. 

In discussing the solubility of chloroform, attention was 
called to the formation of a heavy, white, opaque layer at the’ 
bottom of the milk. This layer is most easily studied in skim- 
milk, though it is equally abundant in normal milk, in the 
latter case being partly. obscured by the submerged fat. 

Observations have shown that it is formed in skim-milk in 
noticeable quantities after the addition of 0.7 per ct. of chloro- 
form and steadily increases in amount in proportion to the 
amount of chloroform added. In case of the smaller percentage 
it readily mixes with the milk upon shaking and does not re- 
appear until after standing some hours. With larger amounts 
of chloroform it forms promptly and, while it mixes with the 

“milk on shaking, it promptly settles out. Measurements of 
the depth of the layer formed after the addition of 40 per ct. 
of chloroform showed it to be as deep at the end of 4 hours 
as after 10 days. Where it is present in considerable quanti- 
ties, the volume of this opaque material is approximately equal 
to the volume of the chloroform which has been added. Where 
chloroform is added in large quantities, the milk standing 
above this opaque layer becomes noticeably more translucent, 
indicating that a portion of the casein has been carried down. 

Mr. Bosworth siphoned the milk from above such a layer 
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in a bottle of milk which had contained 10 per ct. of chloro- — 
form. The chloroform layer with a little of the milk was * 
transferred to a separatory-funnel and allowed to stand over ; 
night. In the morning one-half of the chloroform layer was — 
drawn off into another separatory-funnel and to this was 
added some water and the mixture well shaken for a half hour 
or more. It was then allowed to settle and after a distinct 
separation of the two liquids all of the chloroform and one- halt 
of the water were drawn off. The remaining half of the water — 
was transferred to a beaker. The solution was of a milky 
appearance and upon the addition of a slight amount of 1 per — 
ct. acetic acid a precipitate settled out, which upon examina- 
tion proved to be casein. | 

From these observations it would seem clear that the chloro- 
form, in excess of what passes into solution in the serum -of 
the milk, settles to the bottom and carries down with it a por- — 
tion of the casein. The casein is apparently not altered by 
entering into this relation with the chloroform since, upon — 
being shaken with. an excess of water, it passes in suspension — 
into the water from which it can be precipitated by acid in the © 
same form in which it is normally thrown down from the milk. . 
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CONCLUSIONS. 


Solubility.—The solubility of chloroform in skim-milk is 
approximately 0.55 per et. by volume. In normal milk the _ 
solubility of chloroform depends largely upon the percentag 
of fat present. Five per ct. of fat dissolves approximately 1. 
per ct. of chloroform. The affinity of chloroform for fat is _ 
marked and the resulting saturated solution is heavier than — 
the milk, collecting at the bottom of the container, % 

Germicidal value of chloroform.—Al]l determinations of the 
action of chloroform must be carefully guarded. against loss — 
of chloroform by evaporation. In working with small per- : 
centages the air space in the container must be small. . 

Vegetative germs are very susceptible to the action of chloro- — 
form while spores are extremely resistant. a 
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In peptone bouillon, 0.1 per ct. of chloroform by volume is 
sufficient to prevent growth. In skim-milk this is sometimes 
accomplished by 0.2 per ct., but 0.3 per ct. is often required, 
while 0.4 per ct. destroys the vegetative forms within 24 hours. 

In normal milk containing 5 per ct. of fat; 1.0 per ct. of 
chloroform produces an immediate reduction of the germ con- 
tent, 1.5 per ct. destroys the vegetative forms within 24 hours, 
while 2.0 per ct. kills them within 4 hours and 2.5 per ct. ac- 
complishes this within 10 minutes. 

The chloroform which dissolves in the fat and settles to the 
bottom is, for all germicidal purposes, removed from the milk. 
The explanation for the observed increase in the germicidal 
action, on the addition of chloroform above that required for 
the saturation of the fat and the milk-serum, is not clear, since 
this excess of chloroform also tends to settle to the bottom. 
However, during the short period in which it manifested its 
activity, it was largely in suspension, due to repeated shaking 
of the milk. 

_ The results with chloroformed cheddar cheese were some- 


what variable, indicating the action of factors which have not 


been recognized and measured. The lowest percentage tested, 
5 per ct. by weight, prevented growth with the exception of 
the formation of occasional colonies. Similar colonies were 
occasionally found in cheese containing as much as 10 per ct. 


of chloroform by weight. 


Effect upon enzym action.—With percentages of chloroform 
so low that acid formation is not prevented, the digestive ac- 
tion of milk enzyms is less rapid than when more chloroform 
is used. This is undoubtedly due to the inhibiting effect of the 


acid rather than to any stimulating action of higher per- 


centages of chloroform. In skim-milk a retarding action upon 
the enzyms becomes evident with amounts between 0.7 and 1.0 
per ct. This retardation practically reaches its maximum 


with 2.5 per ct. of chloroform, when it amounts.to 12 per ct. 


) 
| 
| 
| 
| 
| 
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of the amount of digestion that occurred in the presence of 


0.7 per ct. or less of chloroform. 
Action upon milk proteids.—The chloroform above that re- 


quired to saturate the fat and the milk-serum carries down 


80 


casein in quantities. roughly. proportional to the excess of 
chloroform present. This combination is readily observed as — 
a heavy, white, opaque layer. The casein does not appear to — 
be changed by this solution in the chloroform since it can be | 
separated from the chloroform by vigorous shaking with water ‘ 
and when thus separated responds to reagents as does ordinary + 
milk-casein. : 

General.—Chloroform is a fairly satisfactory agent for re-— 
pressing germ life in connection with the study of milk enzyms, 
Quantitative studies of the action of such enzyms should re- 
ceive a correction of at least 10 per ct. where-2.5 per ct. of 
chloroform or more is used. : 
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TECHNICAL BULLETIN No. 7. 


THE SPOROTRICHUM BUD-ROT OF CARNA- 
TIONS AND THE SILVER TOP OF 
JUNE GRASS. 


F. C. STEWART anv H. E. HODGKISS 


SUMMARY. 


| The carnation bud-rot herein described is identical with the 
_ disease discussed by Heald and Wolcott in Nebraska Experiment 
Station Bulletin No. 103. It is known to occur in several green- 
houses in New York, Illinois and Nebraska, but probably it is 
not of great economic importance. 

Silver top is a widespread grass trouble well known to ento- 
mologists, but not thoroughly understood. The flower panicles 
wither before they have become fully expanded. In New York, 
June grass (Poa pratensis) is very generally affected 
with silver top. 

Carnations affected with bud-rot are invariably infested with 
a certain fungus almost constantly associated with a particular 
species of mite. . The same fungus and mite are frequently found 
similarly associated on June grass culms affected with silver top. 
It has been proven that the fungus, by itself, is capable of pro- 
ducing bud-rot of carnations. The relation of the mite to the 
carnation disease is not entirely clear. Probably it acts as a 
carrier of the fungus. The relation of the fungus and mite to 
the silver top of grass has not been investigated. 

Although the fungus of carnation bud-rot and the fungus | on 
June grass have received different names (the former, Sporot- 
richum anthophilum Pk. and the latter, Sporot- 
richum poe Pk.) laboratory studies and inoculation ex- 
periments show them to be one and the same species. S. poe, 
being the older of the two names, must be given precedence. 

The mite is the same as the one to which Wolcott gave the 
mame Pediculoides dianthophilus; but it has 
been identified positively as Pediculopsis graminum 
Reut. which, according to Reuter, is the chief agent in the pro- 
_ duction of silver top of grasses in Finland. 


BUD-ROT OF CARNATIONS. 


In November, 1905, a Long Island? florist sent to the Experi- 
ment Station some diseased buds of the carnation, Dianthus 
caryophyllus I., accompanied by a request for information 
concerning the cause of the disease and its control. The sender | 
stated that he had been growing carnations extensively for thir- 
teen years and had never before had any trouble of this kind. 
Six to eight per ct. of the buds were ruined. The plants bear- 
ing the diseased buds were thrifty and belonged chiefly to the 
varieties Lawson, Bradt and Enchantress. The disease reap- 
peared in the autumn of 1906 and again in 1907 with about the 
Same severity as in 1905. Each year the diseased buds have 
been most plentiful between October 1 and January 1, the 
trouble disappearing almost completely after about the middle 
of January. 

The disease is characterized as follows: Outwardly, the 
affected buds usually appear like normal buds partially opened, 
but upon the interior they are brown, decayed and generally 
moldy. Sometimes the decayed tissue shows at the center of — 
the bloom on top and in the advanced stages it may be seen 
on the sides between the calyx teeth. The stamens, styles and 
lower portions of the petals are attacked first. Frequently, 
the pistil, also, is affected. The tips of the petals are the last 
to be attacked and it often happens that petals badly decayed 
in their lower parts covered by the calyx appear quite normal 
at their exposed tips. When small, unopened buds are killed 
by the disease the calyx also frequently becomes affected, but 
in large buds the calyx usually remains green and normal — 
although the other parts may be a mass of decay. , 

The brown decayed tissue on the interior of the diseased buds 
is thoroughly permeated by the mycelium of a fungus, a species 
* By F. C. Stewart. 

* The exact location of the infested greenhouses is withheld out of deference 


to the wishes of the owner who desires to avoid publicity and possible 
injury to his business therefrom. 
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of Sporotrichum, usually plainly visible as a loose, cottony 
white mold. 

The first lot of specimens from Long Island contained eight 
partially-opened buds every one of which showed an abundance 
of the Sporotrichum sporulating freely. No other fungus was 
present. In every case the Sporotrichum was apparently in 
pure culture. However, three of the buds contained, also, a 
few glistening, whitish, ovoid bodies about the size of red clover 
seeds. ‘These were supposed to be the eggs of some insect, but 
no larvee were seen and there was no mutilation of the tissues 
by insects. The evidence plainly pointed to the Sporotrichum 
as the cause of the decay. This aroused the writer’s interest 
since there are few plant parasites among the numerous species 
of Sporotrichum’ although the genus contains some important 
insect parasites the most notable one being S. globuliferum, a 
destructive parasite of the chinch-bug and several other in- 
sects.* Specimens of the carnation Sporotrichum were sent to 
Prof. Peck who pronounced it a new species and named it 
Sporotrichum anthophilum.® . 

At our request, the Long Island florist forwarded (Nov. 11, 
1905) another package of specimens containing 24 diseased 
buds very similar to those sent previously. In every one of 
these there was an abundance of Sporotrichum mycelium and 


*The following species of Sporotrichum are probably parasitie on plants: 
S. arabicum Massee on the inflorescence of Pheenia dactylifera; S. bi- 
parasiticum Bubak on branches of Coronilla emeri; S. canescens Speg. 
on the hyphex of Cercospora hydropiperis; S. hellebori Oud. on the 
leaves of Helleborus fwtidus; and 8. parasiticum Peck on the black 
knot fungus, Plowrightia morbosa (Peck, C. H., N. Y. State Mus. 
Nat. Hist. Rpt., 45: 82) and on sclerotia of the grape black rot fungus 
(Prunet, A. Abstract in Hap. Sta. Rec., 11: 357). 

‘For experiments on the destruction of chinch-bugs by means of Sporot- 
richum globuliferum see the following: 

Snow, F. H. Contagious diseases of the chinch-bug. Univ. of 
Kansas Exp. Sta. Ann. Rpts. of the Director 1—5. 1891—5. 

Forbes, S. A. On contagious disease in the chinch-bug (Blissus 
leucopterus Say). Nineteenth report of the State Entom.1- 
ogist on the noxious and beneficial insects of the State of 
Illinois. Kighth report of S. A. Forbes for the years 1893 
and 1894, pp. 16—176. 1895. Contains an extensive bibli- 
ography with short abstracts. 

* Peck, C. H. Report of the State Botanist. 1905. N. Y. State Mus., Bul. 
105: 28. 1906. ; 
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some spores while in the majority of them multitudes of spores — 


were found. No other fungus was seen, but most of the speci- 
mens contained a few of the supposed insect eggs previously 


mentioned. An unsuccessful attempt was made to hatch some ~ 
of them. Pure cultures of the Sporotrichum were obtained. — 


It was found to grow readily and sporulate freely on potato 
agar and on sterilized plugs of sugar beet. On the latter 
medium a bright red color is produced wherever the hyphe 
come in contact with the beet. 


December 8, 1906, ten more affected buds were received from 


Long Island. They presented the same symptoms as those 
studied in 1905. One was brown and dry, but the other nine 
showed apparently healthy petals on the outside while within 
they were all more or less decayed. In all ten buds the de- 


cayed tissue was overgrown with Sporotrichum which was — 


fruiting profusely. No other fungus was found in any of the 
specimens, but the whitish, ovoid, egg-like bodies were again in 
evidence. 


At this point in the investigation Mr. H. E. Hodgkiss, Assist-— 
ant Entomologist, discovered that the supposed insect eggs 
were in reality mites having enormously distended abdomens. — 
It was decided that he should make a study of the curious 
creatures and their relation to the carnation disease. The re- — 


sults of his investigation appear on pages 105, 111, of this 
bulletin. e 


A fourth lot of specimens received from Long Island on De — 
cember. 19, 1906, was divided between Mr. Hodgkiss and the — 
writer. The latter’s share consisted of 14 buds in the early — 


stages of the disease. [very one was thoroughly infested with 
Sporotrichum. No other fungus was found. 


A fifth lot of specimens, received August 9, 1907, differed — 


= a 


from any previously seen in that théy were quite small buds 
which had died and become brown long before reaching the — 
blooming stage. On the interior the dead buds were moldy — 
with Sporotrichum. They came from plants which had been | 


transplanted into the greenhouse about July 1. 
Still a sixth lot of specimens was received October 2, 1907. 
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It contained 18 buds most of which would readily pass for 
healthy buds about one-half open. Yet, within, every one was 
badly diseased and overgrown with Sporotrichum. Mites, also, 
were present. 

Besides the establishment above mentioned, at least one 
other Long Island greenhouse is known to be infested with the 
Sporotrichum bud-rot. Several specimens of the disease were 
found here in August, 1907, and the writer has in his posses- 
sion notes and drawings showing that he saw the same disease 
in this greenhouse in January, 1901. At three different times 
during 1907 (February, August and November) a large carna- 
tion establishment at Geneva was searched for evidence of the 
Sporotrichum disease. [ach time traces of it were found, and 
curiously enough the same peculiar mite was associated with 
it. A circular letter of inquiry sent out by the Station in De- 
cember, 1907, to about sixty New York florists elicited twenty- 
‘five replies. Five florists reported having had more or less 
trouble with carnation bud-rot, but only one sent specimens of 
the Sporotrichum disease. These came from a greenhouse in 
the middle Hudson Valley. The diseased buds showed the 
same Sporotrichum and mites as those previously examined. 
The owner stated that the disease was not destructive. 

The disease is known to occur also in Nebraska and Illinois. 
Dr. F. D. Heald, Botanist of the Nebraska Station, sent us 
Specimens from Nebraska showing both Sporotrichum and 
mites. More will be said about these specimens later. In 
illinois it is prevalent in greenhouses about Chicago and 
Bloomington. For our knowledge of the disease in Illinois we 
are indebted to Mr. J. J. Davis, Field Entomologist for North- 
ern [jlinois. Mr. Davis discovered the carnation bud-rot in 
October, 1907, and at once began a study of it. Later, finding 
that the writers had the subject under investigation, Mr. Davis 
kindly sent us his notes for use in this bulletin. They are as 
follows: 

“T first found rotting carnation buds containing mites on 
October 24, 1907, in greenhouses at Chicago. Mr. A. C. Beal 
has since found this same injury in houses in Bloomington. No 
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other carnation houses in Illinois (excepting two at Centralia, 
referred to later) have been inspected, but as these two locali-| 
ties are widely separated it is quite probable that it is generally 
distributed over the State. It was quite general in the houses, 
at Chicago and sufficiently abundant in some houses to cause! 
alarm among growers. 

“The rot was most abundant during the latter part of Octo- 
ber when I first observed it. In the house which was worst 
infested the rotted buds were picked at that time. This house) 
was again visited in December and very few decayed buds were 
found. In other houses, only occasional rotted buds were 
found on this latter date, where they had been rather common) 
a month before. Here, likewise, the diseased buds had been. 
picked since the first observation. Upon a third observation 
made January 21, 1908, not a single infested bud could be found. | 

“The white varieties such as Lawson and Perfection seemed | 
to be the worst attacked. The pink and light red varieties were | 
only slightly affected, while among the dark red varieties I 
found no rotting buds. : 

“From my observations it seems evident that the mite is the 
direct cause of the fungus attack, for in all cases the rotting 
begins in the center of the bud and were it a fact that the Spores | 
are disseminated by wind or water we should expect to find the : 
rot beginning from the outside, at least in some cases. Also, | 
mites were found in all buds with the characteristic rot. Usu-— 
ally, there were but two or three mites in a single bud, some- 
times only one, while occasionally as many as ten or more were | 

| 


found. 
“Following an initial determination by Mr. Hodgkiss, Mr. 
i. IX. Ewing of the University of Illinois made a careful exam- 
ination of the mites in the diseased buds and found that, except 
in one bud, they were all Pediculopsis graminum Reuter. In 
the bud excepted, the mites were of the species Tyroglyphus 
lintneri Osborn, This bud had been left in a covered lamp 
chimney used as a breeding cage and when examined several 
days later over 100 mites and 50 or more eggs of the same were 
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found in the bud, all of which proved to be of the last men- 
tioned species. Whether they were the original inhabitants 
that carried the fungus spores to the bud or whether they got 
into the rotting bud accidentally could not be determined, but 
in any case they are not the species generally associated with 
the bud-rot. The fungus which is associated with these mites 
and is the cause of the rot was determined by Mr. J. T. Barrett 
of the University of Illinois as a species of Sporotrichum. 

“Flowers attacked by this fungus are not only decayed in 
the center but are also characteristically deformed, sometimes 
being more or less lop-sided and in every case with the inner 
petals closed at the top as if all of the tips of the petals were 
fastened together in the center. | 

“So far as I know, all of the carnation growers around Chi- 
cago use sod soil and renew it every year. At two houses in 
Centralia where examinations were made the bud-rot was not 
found and upon inquiry it was learned that sod soil had not 
been used.” 

Through the kindness of Mr. Davis we have had an oppor- 
tunity to examine two lots of diseased buds from Chicago. The 
first lot consisted of three buds all of which contained the usual 
mites and were abundantly infested with Sporotrichum. The 
second lot contained 13 buds. Three of these proved to be 
normal. The other ten presented the usual symptoms of bud- 
rot. Nine of the latter contained an abundance of Sporotri- 
chum. Some mites, also, were present. Both the Sporotri- 
chum and the mites were identically like those found in the 
New York and Nebraska specimens. Eight of the nine buds 
contained no other fungus besides the Sporotrichum, but the 
ninth showed also an undetermined hyphomycetous fungus with 
small, elliptical-oblong, non-septate, hyaline spores. The re- 
“mnaining bud of this lot was peculiar. In a general way it 
showed the symptoms of Sporotrichum bud-rot, the exposed 
petal tips being normal while the interior parts were decayed 
and moldy. The strange thing about it was that the decayed 
petal claws were decidedly reddish although the blades were 
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white. Neither Sporotrichum nor mites were found in this y 
bud. Instead, there was an abundant growth of a species of — 


Fusarium. 

It is noteworthy that in three states—New York, Illinois and 
Nebraska—Lawson is the variety most affected. This variety 
appears to be particularly susceptible. Two other varieties 


found to be especially susceptible in New York are Enchantress — 
and Bradt. It is interesting to note the relationship of these 


three susceptible varieties. Enchantress is a seedling of Bradt 


crossed with Lawson.® It was originated by Peter Fisher, Ellis, — 


Mass., in 1899. : 

Now that we able to differentiate it from other bud 
troubles of the carnation it seems probable that the Spo- 
rotrichum disease will be found a rather common but not 


an especially important one. In floricultural literature there — 


are numerous references to bud troubles of the carnation. 


‘Sometimes the description given answers, in a general way, for 
the disease under consideration. For example, a correspondent 
of the American Florist’ writes as follows: ‘The buds form 
and expand but never open full, only about half, and then dry 
up and wilt.” Another correspondent of the same journal* 


writes: “They [the plants] make a clean healthy growth and — 


produce good stems but fully three-fifths of the flowers go to 
sleep when about half developed.” It is quite possible that 
these were cases of Sporotrichum bud-rot. 

The “ abnormal carnation flowers” described by Arthur® is 


an entirely different trouble as is also the Botrytis disease men- — 
tioned by Atkinson.*° The hard dry “ petrified buds ” described — 
by Kinney** are likewise to be ascribed to other causes, prob- , 


*Ward, Charles Willis. The American carnation: How to grow it. p. 
266.. A. T. De La Mare Printing and Publishing Co. New. York. 
1903. 

7Amer. Florist, 12: 514. 2 Ja. 1897. 

-S8Amer. Florist, 13: 819. 26 F.- 1898. ne 22s 

® Arthur, J. C. Abnormal carnation flowers. Florists’ Ex., 8: 167. Illus. 
on p. 197. 


* Atkinson, Geo. F. Carnation diseases. Amer. Florist, 8: 728. 23 F. 


1893. 
™ Kinney, L. F. R. I. Sta. Rpt. for 1896: 209—210. 
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ably. However, the Sporotrichum disease sometimes takes that 
form. 

Owing to the fact that there are several different bud troubles 
of the carnation which might be appropriately called bud-rot 
this name is not sufficiently distinctive. Hence, we propose the 
name Sporotrichum: bud-rot. 

Up to the time of the discovery of the true nature of the 
bodies supposed to be insect eggs it had not occurred to us 
that our disease might be the same as that described by Heald’? 
under the caption, ‘“ Bud-rot, Fusarium and a Mite.” But it 
was now observed that our mite agreed with Heald’s descrip- 
tion of the mite found by him. At our request, Dr. Heald 


kindly sent us (April, 1907) four carnation blooms affected 


with his bud-rot. Three of these blooms were identically like 
those from Long Island—they showed an abundance of Sporot- 
richum free from admixture with any other fungus and there 
were also present mites which were pronounced by Mr. Hodg- 


_kiss to be the same as those found in the Long Island speci- 


mens. The fourth bloom, also, contained an abundance of 
Sporotrichum and some mites, but in addition thereto a con- 
siderable number of pluri-septate, hyaline, Fusarium-like spores. 
By means of dilution cultures in potato agar, an attempt was 
made to isolate both the Sporotrichum and the Fusarium. 
Pure cultures of the former were obtained easily, but the 


Fusarium was elusive. <A further discussion of this subject 


appears on page 96. 


SILVER TOP OF JUNE GRASS.” 


June grass, Poa pratensis L., is a very common grass in New 
York particularly along the highways and railroads. When it 
begins to “head ” in the latter part of May a large percentage 
of the panicles wither before they become fully expanded. 
Affected panicles are conspicuous because of their light color. 


_™ Heald, F. D. Bud-rot, Fusarium and a mite. Nebr. Sta. Rpt., 19: 55. 


1906. See also Science, N. S., 23: 620. 20 Ap. 1906. 


' 8 By F. C. Stewart. 


92 


One accustomed to observe such things can scarcely fail to- 
notice the trouble when it is at its height during the last week 
in May and the first half of June. At that time it is abundant 
all over the State. <A very little investigation of the affected 
plants suffices to show that the seat of the trouble is, in most— 
cases, just above the uppermost node. Here, the tender portion 
of the culm is badly shriveled (but not noticeably gnawed) — 
over a section 5 to 10 millimeters in length. This may be read- 
ily observed by gently pulling one of the withered panicles from 
its sheath. (See Plate II, fig. 3.) Sometimes the injury in- 
stead of being at the uppermost node is at the next one below. 
In such cases the leaf and sheath springing from the upper- 
most node are dead, dry and light colored like the panicle. 
This trouble of June grass is. well known to entomologists.* 
In America it is often called “ silver top;” and the cause of it 
is believed to be some sucking insect, Anaphothrips striata Osb. 
** Some of the principal American articles on silver top and its causes are 
the following: 
Cary, Lewis R. The grass thrips (Anaphothrips striata Osborn), 
Me. Sta. Bul. 83. 1902. . 


Comstock, J. H. Notes on entomology: A syllabus of a course 
of lectures delivered at the Cornell University, p. 120. Ithaca, 


Dyke = Wye 
—_—_—__—_—_———.. The grass-eating thrips.“ Amer? NG@i., 22> 200m 
261. 1888. 
——__———. An introduction to entomology, p. 127. _Ithacay 
N. Y. 1888. 


Fernald, C. H. Grasses of Maine. Rpt. Sec. Me. Board of Agri- 
culture, for the year 1884, p. 233. 1885. 
Fernald, H. T. and Hinds, W. E. The grass thrips, Anapho-— 
thrips striata (Osb.). Hatch Exp. Sta. of the Mass. Ag. Coll., 
Bul...67. 1900: 

Fletcher, Jas. Silver top of hay—An unknown enemy. Canada 
Expt. Farms Rpts. for 1888, pp. 59—62. 1889. ; 

Hinds, W. E. The grass thrips. Mass. Ag. Coll. Rpt. 37: 83— 
105. 1900. Contains bibliography. 

Lintner, J. A. An unknown grass pest. N. Y. State Mus. Nat. 
Hist. Rpt. 40: 96—98. 1887. 

. N. Y. State Mus. Nat. Hist. Rpt. 42: 153, 304. 

1889. 

Osborn, H. Silver top in grass and the insects which may pro- 
duce it. Canad. Ent., 23: 93—96. 1891. 

Webster, F. M. Notes on some species of insects which affect 
the upper portion of the stems of some grasses. Insect Life, 
1: 372—374. 1889. 
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PiateE II].—SILverR Top oF JUNE Grass (Poa pratensis L.). 


1, Affected panicle, withered before fully expanded. 2, Healthy panicle expandec 
normally. 3, Lower parts of affected panicles with sheath removed to show 
withering of culm just above uppermost node. 

(1 and 2, natural size; 3, slightly enlarged.) 
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being the particular species usually held responsible for it. 
However, some writers express the opinion that it may be 
brought about by any one of several species. Reuter,’? who 
made an exhaustive investigation of it in Finland, gave it the 
German name Weissdbhrigkeit and attributed the greater part 
of it to certain species of mites. Hinds*® gives a list of 32 
species of grasses which are more or less subject to silver top 
in Massachusetts. In New York, June grass is the species most 
conspicuously affected; although the trouble is sometimes quite 
common with timothy, and several other grasses show it occa- 
sionally. 

While studying this trouble of June grass in 1902 the writer 
discovered that in specimens collected on the Station grounds 
the shriveled portion of the affected culms was almost always 
covered with a copious growth of a delicate white fungus be- 
longing to the genus Sporotrichum. Frequently, there was 
‘associated with the Sporotrichum a species of mite. The mite 
was not identified until five years later (see page 106), but 
specimens of the Sporotrichum were sent to Prof. Peck who 
pronounced it an undescribed species and gave it the name 
Sporotrichum poe.** 

For a time it was suspected that the Sporotrichum might be 
one of the causes of silver top, but this idea was subsequently 
abandoned when it was found that in the majority of cases the 
affected culms were quite free from Sporotrichum or other 
fungus. However, both the Sporotrichum and the mite reap- 
peared to a limited extent about Geneva in 1903, 1905, 1907 and 
1908; also at Interlaken, N. Y., in 1907. In one instance, the 
Sporotrichum and associated mite were found on timothy, 
Phleum pratense L., affected with silver top. 


* Reuter, Enzio. Ueber die Weissiihrigkeit der Wiesengriiser in Finland. 
Ein Beitrag zur Kenntnis ihrer Ursachen. Acta Soc. pro Fauna et 
Flora Fennica, 19: N:o 1, pp. 1—136. Helsingfors, 1900. Contains an 
extensive bibliography. (Abstract in Ztschr. Pflanzenkrank., 11: 
250—253. ) 

** Hinds. loc. cit., p. 94. 

* Peck, C. H. Report of the State Botanist. 1902. N.Y. State Mus. Bul. 
67:29. 1903. 
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In reviewing the literature of silver top the writer has found — 


but two references to fungi in connection with the trouble.™ 
One of these is in an article by Osborn’? whose studies were 


made in Iowa. He says: “Ina very few cases I have seen evi- 


dence of fungi present in the shriveled base of the withered 
node, but so very few and in such cases so evidently a conse- 


quence of the injury that I do not think it can be credited with ‘ 


any of the damage.” Prof. Osborn writes us that the fungi 
were not identified. The other reference is by Reuter?® whose 
studies were made in Finland. He says: “ Nicht selten treten 
in regnerischen Zeiten an der morschen Partie. Schimmelpilze 


auf, welche mitunter als Ursachen der Erkrankung ‘der betref- — 


fende Pflanze angesehen worden sind. Die fraglichen Pilze finden 
sich indessen stets nur sekundiir, an dem schon vorher durci 
tierische Angriffe beschadigten und dadurch morsch gewordenen 


Teil des Halmes ein.” No clue to the identity of the fungi is — 


given. 


The above discussion of silver top is brought into this article — 


on carnation bud-rot not because our investigation throws any 
new light on the cause of silver top, but for the reason that the 
Sporotrichum and the mite found in connection with it prove 


to be identical with the Sporotrichum and mite of carnation — 


bud-rot. 


RELATIONSHIP OF SPOROTRICHUM PO, S. ANTHO- — 


PHILUM AND HEALD’S FUSARIUM."1 


As the investigation advanced it gradually became evident — 


that Sporotrichum pow Pk., Sporotrichum anthophilum Pk. 
and Heald’s bud-rot Fusarium are one and the same species. 
In the first place, a comparison of Peck’s descriptions of his 


*% This excludes the oat disease described by Kirchner (Ztschr. Pflangen- — 
krank., 14: 18. 1904.) in which the diseased culms were infested with — 


a species of Sporotrichum in association with the mite Tarsonemus 
spirifex Marchal, the latter supposed to be the cause of the trouble. 
7 Osborn, loc. cit., p. 94. 
* Reuter, loc. cit., p. 52. 
ee DyE. ces Stewart. 
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two species of Sporotrichum shows them to be strikingly alike 

except as to the host plant. Sporotrichum poe is described 
as follows: “ Hyphe slender, .00008—.00012 of an inch [4 to 
8p» | thick, procumbent, branched, slightly interwoven, white; 
spores colorless, subglobose, .00016—.00052 of an inch broad. 
Sheaths and culms of Kentucky blue grass, Poa pratensis.” 

Sporotrichum anthophilum is described as follows: “ Hyphe 
creeping, interwoven, branched, continuous or sparingly sep- 
tate, variable in thickness, .Q0008—.00024 of an inch in di- 
ameter, hyaline, forming a loose cottony stratum; spores glo- 
bose or broadly ovate, .00016—-.0003 of an inch long, borne at 
the tips of short branchlets which are usually narrowed toward 
‘the apex and pointed. Parasitic.on the filaments and petals 
of carnation pinks destroying their vitality and spoiling the 
flowers.” 

It will be observed that neither description contains any 
reference to septate spores although spores distinctly once- 
septate like those shown in Plate LV, fig. 3, occur almost con- 
‘stantly both in the carnation fungus and in the June grass 
fungus. Without having made any attempt at an accurate 

determination it is estimated roughly that, in carnation buds, 
the usual proportion is about one septate spore to 100 or 200 
non-septate spores. Occasionally, they may be as frequent as 
one to' twenty-five and occasionally so rare that a long search 
is required to find one. As a rule they are easily recognized, 
being somewhat larger than the ordinary spores and more or 
less pear-shaped, whereas the ordinary spores are well described 
as “globose or broadly ovate.” That these large, pear-shaped, 
two-celled spores really belong to the Sporotrichum is proven 
by the fact that they have been observed repeatedly in cultures 
known to be pure. They have been observed in pure cultures 
of Sporotrichum pow and S. anthophilum on acidulated potato 
agar, plugs of sugar beet and various other media. The pro- 
duction of these unusual spores is to be regarded as strong 
evidence that the two fungi belong to the same species. In 
none of the 142 species of Sporotrichum described in Saccardo’s 
_ Sylloge Fungorum is there any mention of septate spores. 
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tiene alia 


In addition to the spores just mentioned, two-septate and 


even three-septate spores are occasionally found in the carna- 
tion fungus and also in the June grass fungus, in pure cultures 
as well as in nature. These are quite variable in size and 


shape. They are almost always longer than the once-septate © 


spores and either straight or slightly curved. Sometimes they 


are plainly septate and quite Fusarium-like as shown in Plate 


IV, fig. 4. In other cases the septa are indistinct and it may 


be uncertain whether they are spores or only spore-bearing — 


branches of the hyphz which have become detached. 

It appears that it was the presence of these pluri-septate 
spores which caused Dr. Heald to refer his carnation bud-rot 
fungus to the genus Fusarium. It has already been stated that 
the four carnation buds sent by Dr. Heald as representative 


of his disease all showed an abundance of Sporotrichum with — 
multitudes of the typical globose or broadly ovate spores; but — 
one of the buds contained, also, a considerable number of the ~ 
Fusarium-like spores. This particular bud showed a larger 
proportion of such spores than we have ever seen in any of the — 
New York specimens; yet they were few as compared with the 
multitudes of typical Sporotrichum spores. So far as could — 
be determined the mycelium was all of one kind and attempts 
to isolate the Fusarium by the dilution method failed, notwith- — 
standing the medium used was acidulated potato agar on which — 
most Fusaria grow readily. The pure cultures obtained pro-— 
duced about the same proportion of once-septate and pluri-— 


septate spores as the cultures obtained from New York carna- 
tions and June grass. 


Grown in pure cultures under parallel conditions the three : 
fungi (S. anthophilum, S. pow and Heald’s fungus) look and 3 
behave identically ahke. On acidulated potato agar and on 
plugs of sugar beet at room temperature they grow readily pro- z 
ducing a copious white mycelium and sporulating freely in from 
four to seven days. On some kinds of media all three produce 
almost constantly a bright red color where the mycelium comes — 
in contact with the substratum. This is conspicuous. It has" 


» 


been observed in cultures on sterilized sugar beet, turnip, po-— 
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tato, wheat bread, cabbage and apple. The red color does not 
appear in cultures on potato agar, alfalfa agar, alfalfa stems, 
cosmos stems or gelatin. 

The writer is in doubt as to the value of this red color as a 
diagnostic character. Such color production is by no means 
Tare in some other genera, notably in Fusarium, but how com- 
mon it is among the species of Sporotrichum we do not know 
and have been unable to learn much about it from the litera- 
ture. We have had opportunity to cultivate but two other 
(undetermined) species*? of Sporotrichum neither of which 


showed any tendency to produce the red color. 


Pettit,** who grew Sporotrichum globuliferum Speg. on teri: 
lized potato observed a purple tinge in the near vicinity of the 
fungus colonies; and Forbes** states that in some experiments 
made by him cabbage worms inoculated with Sporotrichum 
globuliferum were frequently, but not invariably, turned to a 
dull red color by the fungus. 

In the closely related genus Isaria the production of red color 
In artificial cultures is said to be common. Pettit?® found that 
potato and gelatin are colored purple by Jsaria densa (LKk.) 


Fries.; that larvee and pup of the cabbage worm, Pieris rape, 


Inoculated with /saria vexans Pettit become a “ deep vinaceous 


purple;” and Jsaria sp. indet. produced red or purple color on 
potato. Giard*® states that a certain rosy color is very char- 
acteristic of Jsaria densa cultivated on artificial media; also, 
that similar color appears more or less distinctly in cultures 


+” For one of these we are under obligations to Prof. H. H. Whetzel of 


hays. ¢ 


Cornell University and for the other to Dr. C. W. Edgerton of the 
Louisiana Experiment Station. 

* Pettit, R. H. Studies in artificial cultures of paipmoecnous fungi. 
Cornell Sta. Bul. 97:364. 1895. 

* Forbes, S. A. Experiments with the muscardine disease of the chinch- 
bug, ete. Ills. Sta. Bul. 38: 33, 43, 44. 1895. 

* Pettit, loc. cit., pp. 360, 367, 369. 

* Giard, A. L’Isaria densa (Link) Fries, champignon parasite du han- 
neton commun (Melonotha vulgaris L.). Bul. Sci. France et Belg. 
24: 1893. An extended review of this paper is given by V. L. Kellogg, 
Univ. of Kans. Exp. Sta. Third Annual Report of the. Director, pp. 
227—239. 1894. : 
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of other Isarize and notably in cultures of the silk worm mus- 
cardine, Botrytis bassiana Bals. 

The cause of this red color and the conditions sitider which 
it is formed are not thoroughly understood. Apparently, the 
requisite conditions vary with different fungi. In the case of 
the carnation stem-rot Fusarium the writer has found that in 


order to secure bright colors it is necessary to grow the fungus : 


at a rather high temperature. Erwin Smith has studied this. 
problem in its relation to the melon-wilt fungus, Neocosmos- 
pora vasinfecta (Atk.) Erw. Sm. After recording the color of 
the mycelium of this fungus when grown on various culture 
media he says :** “ My conclusions relative to the formation of 
color by the melon fungus are as follows: 

“ (a) On neutral or acid media in the presence of free oxy ven. 


and of starchy foods—e. g., potato, bread, rice, tapioca, wheat, 


oS 


hominy, cucumber agar, etc.—this fungus develops in the sub- — 


stratum a series of the most brilliant colors, which are then ab- 
sorbed by the hyphe. These hues include many shades of pink, 
red, purple and violet, and in some of the substrata—e. g., bread 
or boiled rice—are par ticularly brilliant, changing gradually 


from shades of purple and rose color into the deepest crimson — 


(rose carthamine). This color is much brighter and purer tham 
any I have been able to obtain with Went’s Monascus pur- 
pureus. During the development of this pigment the substra- 
tum becomes intensely acid (mostly CO,, but some lactic acid 
according to Mr. K, P. McElroy). If, however, alkaline sub- 


stances (caustic lime, carbonate of soda, etc.) be added to the : 


substratum in advance, so as to neutralize the acid or acids as 


fast as formed, no color is developed, the fungus remaining — 


snow white, as in the vessels of the melon plant. If less alkali 


be added, the colors appear gradually after a time, which is: © 


longer or shorter according to the amount added. 

“(b) The yellow and brown colors are formed in the pres- 
ence of an alkali, but apparently not unless sugar is also 
present.” . 


77 Smith, Erwin F. Wilt disease of cotton, watermelon es cow nas 


U. 8. ‘Dept. Agr. Div. Veg. Phys. and Path. Bul. 17: 23. 1899. 
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Later, Smith and Swingle** found that also in cultures of the 
potato dry-rot fungus, Fusarium oxysperum Schlecht., there 
exists a somewhat similar relation between the acidity of the 
medium and the production of red color. Light, also, seemed 
to be a factor when the fungus was grown on certain media, 
while on other media it made no difference whether the cultures 
were grown in darkness or in sunlight. 

Hedgcock,*® in his studies on chromogenic fungi which dis- 
color wood, also found the chemical reaction of the medium to 
be an important factor in color production. But it is note- 
worthy that with one species, Penicilliwm aureum Cda., the 
presence of an alkali favored the formation of red color instead 
of hindering it as was found by Smith and Swingle in the 
species studied by them. 

Returning, now, to our own observations—the carnation 
Sporotrichum, the June erass Sporotrichum and Heald’s bud- 
rot fungus all three produce the same red color in cultures. On 
some media, especially plugs of sugar beet, this color may be 
depended upon to appear under almost any condition of light, 
temperature, acidity or alkalinity not incompatible with 
growth. On sugar beet, the color is somewhat more brilliant 
in darkness than in diffused light, and on acid media than on 
alkaline, but the differences are not great. At 20° C. the time 
required for the appearance of the red color varies from three 
to seven days. It appears sooner on sugar beet than on potato, 
but ultimately it may-become quite as brilliant on the latter 
as on the former. On the same medium and under apparently 
parallel conditions the color in different cultures varies con- 
siderably in shade. In occasional cultures no color ever ap- 
pears. The three strains of Sporotrichum have been grown on 
various culture media and under various conditions for the 
purpose of finding cultural characters by means of which they 
might be separated, but the resulting variations in color, habit 


* Smith, Erwin F. and Swingle, Deane B. The dry rot of potatoes due 

to Fusarium oxysporum. U.S. Dept. Agr. Bureau Plant Ind. Bul. 55: 

1 34—49, 1904. 

*® Hedgecock, George Grant. Studies upon some ‘chromogenic fungi which 
discolor wood. Mo. Bot. Gard., Rpt. 17: 59—117. 1906. 
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of growth, spore formation, etc., have been no greater than those 
commonly occurring between individual cultures of the same 
strain. 

The association of all three fungi with the same species of 


mite is at least suggestive of unity and finally, all three are 


parasitic on carnation buds. Heald has proven the parasitism 


of his fungus and the writer has done the same for Sporot- 


richum poe and S. anthophilum. 

It having been proven that Sporotrichum poe and Sporot- 
richum anthophilum are two names for one and the same fun- 
gus, the former name should be given preference since it is the 
older. However, it is by no means certain that the fungus has 
not been previously described under yet a different name. 


INOCULATION EXPERIMENTS WITH THE FUNGUS.* 


Inoculation experiments with pure cultures of the Sporot- | 


richum have given varying results. Thirteen different experi-— 


ments were made, the total number of inoculated buds being 
107 and the number of checks 18. Four of the inoculated buds 
and one of the checks were accidentally destroyed. None of the 
checks showed any browning of the tissue or other ill effects 


from the treatment they received. Of the 103 inoculated buds — 


which were carried through to the end of the experiment 36 
were ruined by the Sporotrichum, 21 others showed slight in- 


jury, while the remaining 46 were scarcely, if at all, affected bya 
the inoculation. That is to say, only about 35 per ect. of the 


inoculations can be regarded as positively successful. The 


many failures show that the fungus is not an aggressive parasite — 


or else the conditions surrounding the experiments were in 


some way decidedly unfavorable to the disease. The cultures — 


used for inoculation were from three or four different sources 


a 


and all isolated within six months of the time of using them. 
They were grown on plugs of sugar beet from 7 to 19 days and — 
invariably examined before using to make sure that they were 
sporulating freely. In most cases, the inoculations were made 


2 By F. C. Stewart. 
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through the side of the bud by the following method: By means 
of a sterile awl a small opening was made in. the calyx. 
Through this opening a bit of the fungus from a pure culture 
was introduced into the interior of the bud in one of two ways: 
(1) A fragment of mycelium bearing spores was poked in with 
a strong platinum needle; or (2) by means of a pipette spore- 
laden water was forced in until drops of it exuded from the tip 
of the bud. In experiments in which the first method was used 
the check buds were simply punctured with the awl, but when 
the second method was used sterile water was forced through 
.the punctures into the check buds. Several fully expanded 
blooms were inoculated with spore-laden water through a pi- 
pette inserted into the center of the bloom from the top. Some 
of the inoculations were made in the open greenhouse; others. 
in a large glass inoculation chamber in which the air was 
saturated with moisture. 

Most of the inoculations were made on Boston Market, a 
white variety. It may be that this variety is partially resistant 
to the disease, which would account for the large percentage of 
failures. Later inoculations, made on Enchantress and Gov. 
Wolcott, were more successful. It is probable that in some of 
the experiments better results would have been obtained if the 
buds had not been cut so soon. It appears that from 10 to 15 
days are required for the fungus to destroy the buds in typical 
fashion. Buds in all stages of development, including fully 
expanded blooms, were successfully inoculated, but the best 
results were obtained with small, unopened buds. It is also 
plain that an abundance of moisture in the air is favorable to 
the disease. Inoculated buds on plants kept in a moist chamber 
after inoculation were soon conspicuously overgrown with the 
Sporotrichum and ruined; whereas, in the open greenhouse, 
under conditions otherwise parallel, the progress of the disease 
was slow and uncertain. This is as would be expected. 

Most of the inoculations were made with Sporotrichum iso- 
lated from carnations (S. anthophilum). Sporotrichum from 
June grass (S. pow) was used in three experiments, Nos. 11,. 
12 and 13, as follows: 
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ELaperiment No, 11.—On Noy. 16, 1907, two buds (one show- 
ing color and the other of large size but unopened) of Goy. 
Wolcott were inoculated with a pure culture of Sporotrichum 


eo ee ee 


isolated from June grass July 5, 1907. The inoculations were 


made in the usual manner by forcing spore-laden water through 
a hole in the side of the calyx. (The Sporotrichum spores were 


already germinating, having been placed in the water 20 hours © 


previously.) After inoculation the plants were kept in a moist 
chamber where the temperature was about 13° C. by night and 
21° C. by day. . There were no checks. 

At the end of two weeks the buds were cut and examine 
The more advanced one was now fully expanded. It was 
evident that the fungus had taken effect. The pistil and bases 
of the petals had been destroyed, but owing to the splitting of 
the calyx which permitted the petals to hang apart, the upper 


portions of the petals were unaffected. The other inoculated — 


bud was half open. Viewed from the top, about half the petal 
tips appeared normal while the remainder were brown with de- 
cay. On the interior of the bud the petals were badly decayed 
and glued together, the tissues being thoroughly permeated 
with Sporotrichum hyphe fruiting moderately but not forming 
a conspicuous mold. In this bud the petal bases were un- 
affected. 7 

Experiment No. 12.—On November 18, 1907, ten buds (5 
showing color and 5 large but unopened) of the variety. Boston 
Market were inoculated with Sporotrichum from June grass 


exactly as in Experiment No. 11 except that the spores were ~ 
not so far advanced in germination, having been placed in water — 
but six hours before the inoculations were made; and the plants © 
instead of being placed in a moist chamber were left in the open ~ 
greenhouse. At the same time, in the same manner and under ~ 
exactly parallel conditions, ten other buds were inoculated with — 


Sporotrichum from carnations. There were also five check — 


buds (showing color). which were injected with sterile water. 


At the end of 15 days all of the buds were cut and examined. — 
Of the 5 buds showing color at the time of inoculation with ~ 
June grass Sporotrichum, four had fully expanded and partly © 
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withered without evidence of injury from the fungus, but the 
fifth was only half open, badly decayed within and presenting 
a typical case of Sporotrichum bud-rot. Of the 5 unopened 
buds inoculated with June grass Sporotrichum, one had been 
destroyed by some animal, three were fully expanded and show- 
ing only slight injury while the fifth was completely ruined by 
Sporotrichum. 

The inoculations with carnation Sporotrichum were more 
successful. The 5 buds showing color at time of inoculation 
gave negative results except that in three cases the pistil had 
been destroyed; but the 5 buds which were yet unopened at time 
of inoculation were now about half open, much decayed in the 
center, somewhat moldy and all good typical examples of 
Sporotrichum bud-rot. | 

The five check buds had expanded normally without any dis- 
coloration or other evidence of injury. 

The details of Experiment No. 18 are given on page 104. 

No mites have been found in any of the inoculated buds. It 
is possible that the mites in addition to serving as distributors 
of the fungus may assist the fungus in making its attack on 
_the tissues. . 

There being no evidence that the fungus attacks anything 
but the buds no attempt has been made to inoculate it into any 
other part of the carnation plant. 

Notwithstanding numerous failures, the 36 successful inocu- 

lations described above seem to prove conclusively that the 
Sporotrichum found in carnation buds affected with bud-rot is 
a parasite and the cause of the disease. 
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EXPLANATION OF PLATE III. 


A and B were two buds of the same age on the same carna- 
tion plant, variety Enchantress, When the buds were of the 
size of C and just beginning to open, B was inoculated with a 
pure culture of Sporotrichum pow isolated from a diseased 
carnation bud two months previous. Inoculation was effected 
by forcing into the bud (through a hole made in the calyx) 
water containing spores of the fungus. <A, used for a check, 
was similarly injected with sterile water. A bell jar was then 
placed over the plant. Twenty days later the two buds were 
cut and photographed, natural size. A was then a perfect 
bloom, while B was completely ruined. In the latter, all parts 
except the calyx were decayed and overgrown with a fine, white, 
cottony growth of the Sporotrichum which was sporulating 
freely. . 
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Pirate 1V.—Sporotrichum poe PK., THE FUNGUS OF CARNATION Bup-RoT. — 


1, Hypha with immature spores on short, tapering branches. 2, Three mature 
spores of typical form. 3, Two-celled, pear-shaped spores. 4, Fusarium-like 
spores. 5, Germinating spore with new spore forming at tip of short germ- 
tube. 


(1, 2, 3 and 5 drawn with aid of camera lucida, magnification about 1000 diameters; 4, free-hand 
drawing, more highly magnified.) 
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THE MITE, PEDICULOPSIS GRAMINUM REUT.® 


The insect pests and fungus diseases incident to the com- 
mercial growing of carnation blooms may usually be held in 
check by certain recognized practices and as far as the common 
pests are concerned no especial difficulty has been experienced 
in raising plants free from important injuries. But within the 
past few years, considerable uneasiness has been experienced 
by a number of florists because many carnation buds fail to 
mature and the growers are unable to prevent losses by the 
usual greenhouse practices. An examination of diseased plants 

showed that the failure of the buds to produce perfect blossoms 

“was due to the presence of a mite and fungus, which together 
cause a decay of the tenderer tissues that eventually arrests the 
growth of the buds. 

The mite has been recognized as Pediculopsis graminum 
Reut., which is a European species and has not heretofore been 
recorded in this country. This is one of the forms assisting 
in the premature ripening of meadow grasses in Finland, and 
in the United States is partly responsible for the silver top 
of June grass. Its presence in the greenhouse appears to be 
accidental but its association with the fungus enhances its im- 
portance and hence the economic status of the mite. 

Acknowledgments are due to Dr. Enzio Reuter, Helsingfors, 

Finland, who has verified the determination of the species and 
has furnished valuable information concerning the grass mites. 
‘Mr. J. J. Davis, Field Entomologist for Northern Illinois, very 
generously allowed me the use of all his notes on the occurrence 
of the mite in that state and has from time to time contributed 
other important facts, as opportunity has been afforded for 
‘making observations. Dr. F. D. Heald, Botanist of the Ne- 
braska Experiment Station, very kindly sent infested carnation 
buds from Lincoln, Nebraska, from which adult mites of both 
Sexes were obtained. 


* By H. E. Hodgkiss. 
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HISTORY. 


The importance of this species as an active agent in the pre- — 
mature ripening of grass stems was first indicated during the — 


year 1900 by Dr. Enzio Reuter** under the caption “ Ueber die 


Weissahrigkeit der Wiesengriaser in Finland.’ No mention 


is made of this mite in Banks’ List of the Acarina of the United 


States,** and its identity in this country appears not to have 


been determined until the present time. 
As an active agent in the decay of carnation buds it was first 


mentioned by Dr. R. H. Wolcott** in 1905, and during the follow- - 
ing year was recognized in New York State. One year later the 


mite was identified at this Station as P. graminum Reuter. 
Finally in 1908, Heald and Wolcott published an account of the 
species under the name Pediculoides dianthophilus.*° 


SYSTEMIC POSITION. 


This species belongs to the Tarsonemide, which is a small ~ 


family of the order Acarina. The mite was first described in 


1900, by Dr. Enzio Reuter, from specimens taken from grass in 


Finland. He placed it in the genus Pediculoides, and gave to 
it the specific name graminum. In 1907, Dr. Reuter again pub- 


lished on this species, at this time indicating the presence of — 


characters of generic significance. He thereupon erected the 
genus Pediculopsis, naming P. graminum as the type.*® 


IDENTITY OF THE SPECIES AND SYNONOMY. 


The very close resemblance between our mounts of the mite 


grown on carnations with the figures of Reuter’s P. graminum, 


suggested the sending of specimens to him for examination — 


which he determined as identical with the species which he 


* Acta Societatis pro Fauna et Flora Fennica, 19: N:o 1. 1900. 

* Proc. U. 8. Nat. Mus.5-32: 615. 

34 Science, N. S., 21: 389. 1905. 

* Neb. Sta. Bul: 103. 1908: 

%¢“ Wegen bedeutender Unterschiede, namentlich in der Mundbildung, der 
Gattung Pediculoides gegeniiber, habe ich in der demniichst erscheinen- 


den groésseren Arbeit fiir diese Art eine neue Gattung, Pediculopsis, 


errichtet.” Sestschrift fiir Palmén. N:o 7, p. 3, footnote 2. Helsing- 
fors. 1907. 
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had described as existing on grasses. It would appear there- 
fore, that there can be no doubt as to the specific name of the 
mite grown on carnations in this State. Specimens of the mite 
thriving on diseased carnation buds in Nebraska were sent to 
us by Professor Heald of the Experiment Station which proved 
to belong to the above species as found on the same host in this 
State. It therefore appears that P. dianthophilus Wolcott is a 
. synonym of P. graminum Reuter. 


DESCRIPTION AND LIFE HISTORY.®* 


Egg.—Ovum elliptical; chorion translucent, smooth, shining. 
Longest diameter 204 microns, greatest width 85 microns. 

Adult——(Female.) Body elongate, sides nearly parallel, an- 
terior portion narrowing to head, posterior margin truncate; 
lateral angles rounded. Length, 240 microns, width 70 microns. 

The body is composed of a cephalo-thorax and abdomen. On 
the anterior margin of the cephalo-thorax is the rostrum with 
- large, toothed, sickle-shaped mandibles. The rostrum is set in 
a wide collar which is attached to the body. There are several 
small hairs near the base of the mandibles. 

The cephalo-thorax is somewhat triangular, broadest at the 
posterior margin, with angles rounded and sides incurved. Legs 
land II are borne on this division and between them is a clavate 
body. On the dorsum there are three pairs of long hairs; the 
front pair smallest, about 12 microns in length; the middle pair 
about 20 microns in length and situated closer to the lateral 
margin than the third pair. The third pair are almost in the 
center of the cephalo-thorax and directly beneath pair I; they 
extend nearly to the end of the abdomen. The clavate orgau 
is broadly rounded. 

The abdomen is separated from the cephalo-thorax by a trans- 
verse constriction. Caudad of this are several telescoping por- 


* While the external anatomy of the mature mites bred on carnations cor- 
responds with the descriptions and figures of the adults of P. grami- 
num, our studies on the early life history of the species do not agree 
in some particulars with Reuter’s account. This difference may pet- 
haps be explained by his recent investigations on the embryonic de- 
velopment of this mite. 
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tions of the integument which give the abdomen a segmented 
appearance. On the dorsum about 12 microns behind the trans- 
verse constriction and near to the lateral margin is-a. pair of 
strong hairs about 33 microns in length; just below these and 
15 microns from the median is a stout pair 17 microns long; 
three other pairs of dorsal hairs are situated just below the cau- 


dal margin of the telescopic integument, the last pair being the 


shortest. A single pair 75 microns long is borne near the end of 
the ventral section and is the longest pair on the abdomen. On 
the caudal margin near the median are three pairs of very small 
hairs, the longest being 10 microns in length. 

The ventral surface of the cephalo-thorax and abdomen bear 
characteristic, short spines, placed regularly in pairs. These 
are indicated in Plate V, fig. 4. 

The legs are five-jointed and strongly haired, the longest hairs 


being always on segments 2, 4 and 5. The first pair of legs. 
have each a single hooked claw; the claws on the other legs are © 


paired and provided with a stalked suction gland. The epimera 


have a strong chitinous protection and meet along the median. ~ 


Adult.—(Male.) Body broadly egg-shaped; narrowing in the : 


front while behind at the genitalia it is produced blunt and — 
cone-shaped. Length about 160 microns, the greatest width — 


60-80 microns. 


Rostrum very small, a round knot-like structure without — 


mouthparts. Cephalo-thorax similar to that of the female, but 
more broadly rounded. It bears four pairs of hairs, the first 


ce 


pair being very small and placed near the forward margin, — 


the second ten microns long, and the third twice as long as 


the second and nearer to the lateral margins. These three — 
pairs are situated behind each other in lines almost parallel — 


with the lateral margins. The fourth pair are almost directly 


behind the third pair, 53 microns long and very: stout. 


_. The cephalo-thorax and abdomen are separated by a trans- — 
verse constriction. About 16 2/3 microns behind this are a 
pair of stout hairs 33 microns long, situated near the lateral — 
margin, while between these and about 17 microns from the © 


median are two shorter hairs. Just anterior to legs IV is a con-— 


PLateE V.—Pediculopsis graminum ReEvT. 


1, Male, dorsal view. . 2. Male, ventral view. 3, Female (non- eu. dorsal view. 
; 4, Female (non-gravid), ventral view. 


(All adults, greatly enlarged.) 


Pirate VI.—Lire Staces or Pediculopsis graminum Rewr. 


t, Eggs. -2, Adult female. 3, Adult males 4, Gravid female. 5, Gx vid female, 
with extruded egg. 6 and 7, Gravid females from breeding cage. 


(6, natural size, other figures enlarged.) 
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‘striction behind which the body narrows cone-shaped to the 


_ genitalia. Legs I to III are similar to those of the female. 


Legs IV are much thicker, incurved, and each bears a terminal 
sickle-shaped claw. Short hairs are borne on each segment 
while on the last two are blunt spines. The terminal segment 
has a single, long hair at the base of the claw. 

The ventral surface has characteristic, small spines the loca- 
tion of which is shown in Plate V, fig. 2. | 

Gravid female.—The difference between the gravid and non- 
gravid-female is in the enormous size of the abdomen. This swel- 
ling extends backward from the cephalo-thoracic constriction 
and does not include the thorax as in some other forms. When 
extended, the abdomen may become 80 to 100 times as large as 
the unimpregnated female or even larger. During the exten- 


sion of the abdomen and the embryonic development within, it 


becomes translucent and appears as a clear pearl-like body. 

The development of this mite from the time the egg is formed 
until the adults appear takes place within the amnion in the 
abdomen of the female. The abdomen of the adult female be- 
gins to extend shortly after impregnation and fills with a water- 
clear liquid. A series of observations made at this period in- 
dicates that the interval between the date on which distention 
begins and that on which eggs appear in the sac is from two 
to four days. From this time the eggs continue to develop 
rapidly and in about fifteen days the sacs are full and contain 
two hundred or more eggs, 

The sac takes on a pinkish color as the mites develop and. in 
about three weeks from the time of swelling both males and 


females of the new generation are fully mature. The sac now disin- 


tegrates and in its place is a mass of crawling adults. In only 
one instance has a female been seen to deposit an egg and in 
that ‘case the abdomen finally broke and liberated the adults. 
(See Plate VI, fig. 5.) 

The newly hatched mites remain together for a short time and 
then wander over the plant feeding on the succulent tissues. 
For about ten days they crawl freely and then the abdomen be- 
gins to swell. The females soon become fixed, often on decay- 
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ing tissue, and with the appearance of eggs within the abdomen 
the life cycle of another generation begins. | 

The number of generations which occur with this species is 
somewhat difficult of determination. Individuals of the several 
stages may be seen throughout the year. As far as the data 
obtained are concerned there appear to be at least two full gen- ~ 
erations and a possible third generation where the species 
breeds in grass. In Finland, Dr. Reuter has found two gen- 
erations. From observations made on diseased carnation buds 
in the greenhouse there appear to be at least two additional 
generations. 


GEOGRAPHICAL DISTRIBUTION. 


The mite has a wide geographical range. It has been re- 
corded in Europe as occurring in Finland. In the United 
States it has been taken in widely separated sections of New 
York State and Illinois and in Nebraska. 


FOOD PLANTS; CHARACTER OF INJURY. 


In Europe this species has been taken from the stems of 
Phleum pratense, Poa pratensis, Agropyrum repens, Festuca 
rubra, Deschampsia caespitosa, Avena pubescens, Agrostis vul- 
garis, A. alba, Apera spica venti, Anthoxanthum odoratum and 
Alopecurus pratensis. In this country it has been collected 
from June grass (Poa pratensis), Phleum pratense, and in 
greenhouses from carnation buds. 

The work of the mite on grass and on carnations is quite 
dissimilar. On grass it attacks the succulent stem within the 
sheath just above the topmost node. According to Reuter the 
culm is first lacerated by the mandibles and then the plant 
juices are extracted, causing the injured area to shrivel gradu- 
ally and become twisted at or just above the node. The growth 
of the stem above this point is checked, causing the partially 
opened panicles to ripen prematurely and giving rise to the 
condition known as silver top. We have repeatedly examined 
grass stems for injuries of this character but have entirely 
failed to find conclusive evidence of the exact nature of the 
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damage to our local grasses by the mite. The initial injury 
is apparently not easily detected and in the general decline 
of the affected stem the wounds are apparently obscured and 
are not easily recognizable from the work of other agencies. 
In the early spring a decay of the injured portion of the stem 
is usually found. It always appears when the area attacked 
is close to the ground where the presence of moisture is favor- 
able for its growth. This decay is due to the Sporotrichum 
poe before mentioned. The mites have been found breeding 
more freely under these conditions than upon the more exposed 
culms. 

On carnation plants the mite does not attack the stem but 
works into the center of the young buds. Here it introduces the 
same fungus with which it is associated on grass. [Experiments 
_ made for the purpose of determining the point of attack indicate 
that the stamens or pistils are first attacked and later the less 
tender tissues. The fungus here finds a favorable condition for 
growth and in a comparatively short time the heart is entirely 

decayed and filled with mites while the growth of the buds is 
checked. 


INOCULATION EXPERIMENTS WITH MITES.*® 


These experiments consisted of a number of artificial infec- 
tions of carnation buds in various stages of growth of the buds 
to determine the range of susceptibility to the attacks of the 
mite. Two series of experiments were made. In one series 
mites were used which were obtained from infested buds, 
and in the other, active females were employed, which were 
treated with a pure culture of the fungus. 

In the first series the following experiments were made with 
buds at different stages of growth. Buds I and II had the 
- petals just broken through the sheath. Each was infested with 
four gravid females, which were placed within by forcing aside 
the petals at the top. Twenty days later both buds had opened 
and showed no injury. The mites had died and the fungus 


* By H. E. Hodgkiss. 
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caused no perceptible damage. Bud III was well formed, of- 
good size, and the sheath was tightly closed. The infection was 
made by placing several crawling females and one gravid female - 
into the heart of the bud through an opening in the side, 
Twenty days later the record shows that the bud had enlarged 
to twice the original size but was dry, and on opening it the 
interior was found to be undeveloped. Buds IV and V were 
similar in condition to | and IJ. These were each infected with 
two gravid females. The buds opened in due season with a 
perfect bloom. 

In the second series seven 1 bids were inoculated with a goodly 
number of crawling females and pure cultures of the fungus. — 
These buds were on plants in an ordinary carnation bed and 
were more or less attacked by thrips. None of the infested 
buds showed signs of injury and all eventually came to a per- 
fect bloom. 

Although with one exception these inoculations eee nega- 
. tive results, it has been thought best to make a record of the 
work. The failure to reproduce the typical injury may be due 
to several causes. Among these are lack of proper conditions — 
for the growth of the fungus and the variety of carnations used 
in the work. The successful experiment would indicate that the © 
infection to cause typical injury must be made to younger buds. — 


RELATION OF THE MITE TO THE FUNGUS.*® 


The relation of the mite to the fungus is. not entirely clear. 
From the inoculation experiments which have been made it ap-_ 
pears that the fungus rather than the mite is the active agent 4q 
in producing the disease. Bud-rot has been produced repeat- 
edly by artificial inoculation with pure cultures of the fungus; — 
whereas, attempts to produce the disease by inoculation with — 
mites oe have failed. Moreover, in the cases of bud-rot pro: 
duced by inoculation with pure cultures of the. Sporotrichum — 
no mites have ever been found in the decayed tissue. Thus, 
‘it is plain that the mite is not absolutely necessary to the 


_° By F. C. Stewart and H. E. Hodgkiss. 
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- production of the disease. Neither can the association of the 


mite with the fungus be satisfactorily accounted for on. the 
ground that Pediculopsis graminum is an abundant species 
infesting decaying carnation tissue generally, for such is not 


the case. In our studies the mite-has never been observed 


alone, but always in association with the fungus. Whether 
the fungus is always accompanied by mites can not be so 


definitely stated. In a few cases, particularly on June grass, 


the mites have been absent, apparently, but it is possible that 
more careful search would have revealed their presence. 
This almost constant association of the mite and the fungus 


leads to the inevitable conclusion that one must be in some 
_-way dependent upon the other. Regarding this there seem to 


“be but two hypotheses which harmonize at all with the known 


- facts: (1) That the mite feeds upon the Sporotrichum; (2) 
that the fungus depends on the mite to carry it from bud to 


‘bud. 
We have been unable to obtain any positive SS eae that 


the mites feed on the Sporotrichum. The chief reason for 
suspecting that such might be the case is the fact that Forbes* 
_has observed mites feeding upon another species of the same 
genus, viz., Sporotrichum globuliferum. Webster,*' .also,  re- 


cords the occurrence of mites (Tyroglyphus siro) in artificial 
cultures of Sporotrichum globuliferum, but thinks they were 
‘attracted by the corn meal-batter on which the Sporotrichum 


was growing. Sometimes mites make trouble in the labora- 
tory by getting into fungus cultures, but whether they feed 


‘upon the fungi or upon the culture medium is not clear. 


Concerning the second hypothesis it is plain that the mites 
‘may carry the spores from bud to bud and thus spread. the dis- 


ease, but in order to account for the constant association of. 


the mite and fungus it is necessary to go further and establish 


‘a motive for the mites visiting the buds. . If the mites go to the 


‘diseased buds merely to feed on the decaying tissue or to breed 
* Forbes, 8S. A. Tlls. Sta. Bul. 38: 32; same on p. 94 of second reference 


given in Footnote No. 4. 
“41 Webster, F. M. The common cheese mite, Tyroglyphus siro, living in 
Sporotrichum globuliferum. Ann. Rpt. Ent. Soc. Ontario 32: 73. 1902. 
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in it there would be no object in visiting healthy buds— 
Although we have been unable to demonstrate it, it seems prob- 
able that the mites do visit healthy buds, presumably for the- 
purpose of feeding upon the tender tissue of the floral organs... 
This would be quite in harmony with the known feeding habits. 
of this species, it having been established by Reuter** that it 
attacks the tender living tissue of grass culms. As previously 
stated, our attempts to produce bud-rot by means of the mites. 
alone, have failed. Altogether, 12 buds were inoculated with 
mites, apparently without any injurious effect on the buds.. 
However, the negative results in these few experiments have: 
little weight. The conditions surrounding the plants may 
have becn unfavorable to the mites. 

The fact that the disease sometimes destroys the interior por- 
tion of the buds before the latter have even begun to open, is 
strong evidence that the spores of the fungus are carried into 
the buds by some animal. It seems scarcely possible that the 
spores could get into such tightly closed buds in any other 
way. In such a situation suspicion would naturally point to 
thrips, two or three species of which frequently attack carna- 
tions and often enter the buds. However, our studies tend to 
exonerate thrips of any connection with the disease. Mites. 
are the only animals found in the diseased buds. 

Some species of Sporotrichum are parasitic on insects, and 
Kirchner**® has observed a species of Sporotrichum apparently 
parasitic on the mite Tarsonemus spirifex Marchal, but there 
is no reason to suspect that Sporotrichum poe bears such a. 
relation to the mite in the carnation buds. | 

To sum up: The hypothesis which offers the most rational 
explanation for the constant association of the mite and the 
fungus in diseased carnation buds is the following: The mite 
visits healthy carnation buds for the purpose of feeding on the 
tissue of the floral organs. Spores of the fungus carried on 
or in the body of the mite germinate and produce a mycelium 


“2 Reuter, Enzio. (See Footnote No. 15.) | 
“Kirchner, O. Eine Milbenkrankheit des Hafers. Ztschr. Pflanzenkrank- 
14: 13—-18. 1904. ¥ 
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which attacks the interior portions of the bud and causes them 
to decay. In this decaying tissue the mite finds a congenial 
breeding place. When the young mites are able to travel they 
migrate to healthy buds carrying with them the spores of the 
fungus. 

The above applies especially to carnations. Probably, it ap- 
plies also to June grass, but the association of mite and fun- 
gus on June grass seems to be much less constant. 


CONTROL OF CARNATION BUD-ROT.* 


Probably, bud-rot will rarely be sufficiently destructive to 
require special methods for its control. If this be true it is 
fortunate, because there is, as yet, no line of treatment which 
can be confidently recommended. The Station has made no 
experiments along this line. 

Certainly, all diseased buds should be carefully gathered and 
burned, because they contain countless numbers of fungus 
Spores and mites by means of which the disease is spread. 

Another possible line of treatment is the elimination of sus- 
ceptible varieties. Although several varieties are more or less 
subject to bud-rot it is destructive to only a few varieties chief 
among which are Lawson, Enchantress and Bradt. 

The fact that bud-rot is a fungus disease suggests that the 
carnations should be kept as dry and cool as is compatible with 
good growth, because it is well known that abundant moisture 
and high temperature favor the growth of fungi. However, in 
this case, another factor, the mite, must be taken into con- 
sideration. There is good reason to believe that the mite is an 
important factor in spreading the disease. While nothing is 
known as to the effect of moisture on this particular mite it is 
known that mites in general thrive best under dry conditions. 

The fact that the mite associated with bud-rot is one which 
feeds on various grasses, particularly June grass, suggests that 
the planting of carnations near grass land or the use of sod 
in the preparation of greenhouse soil may encourage bud-rot. 


“By F. C. Stewart and H. E. Hodgkiss. 
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Excepting the observations made by Mr. Davis in Illinois 
(p. 89) we have no direct evidence on this point. It should 
be noted, however, that although the use of sod soil in carna- 
tion houses is a common practice and the silver top of June 
grass is a common and widespread trouble, carnation bud-rot 
is comparatively rare. Moreover, it is quite possible that other 
plants besides grass and carnations harbor the bud-rot Sporot- 
richum and the mite. Hence, it is doubtful if it is worth 
while to attempt to prevent bud-rot by eliminating grass and 
sod from carnation culture. 


DISCUSSION OF NEBRASKA STATION BULLETIN — 
No. 103. 


“THE BUD-ROT OF CARNATIONS, BY F. D. HEALD.”’*° 


With the exception of one topic, Inoculation Experiments 
with Fungus, the senior author had practically completed his 
part of this bulletin before the appearance (in January, 1908) 
of Nebraska Station Bulletin No. 103 on the same subject. In 
order to aveid rewriting some parts we shall present here our 
comments on Dr. Heald’s work. ; 

Inthe main, Heald’s observations and deductions agree quite 
closely with our own. Some of. the pena pee of acres 
ment are the following: ; 

(1) The buds are the only pare of the: onan i plant 
affected (p. 14). 

(2) The Sp rotrichum exists in the rotting. potaie in- all 
cases and generally unaccompanied by other fungi (p. 9). 

(3) A mite is constantly associated with the Sporotrchom 
in affected buds (p. 9). AES ie 
(4) The Lawson variety is especially susceptible to bud-rot 
(Di bdo ; : 

(5) The Sporotrichum alone: is capi: of producing the 
disease (p.-9). i. 
(6) The most typical development of the disease was ob: 
tained from the inoculation of young buds (p. 9).. 


4s By is C. Stewart. 
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(7) The mite plays only a secondary part in the production 
of the disease—it acts as the carrier of the fungus spores 
(p. 10). | 

(8) In artificial cultures the Sporotrichum produces a deep 
red color (p. 12). 

(9) The Sporotrichum produces two kinds of spores,—one, 
globular and non-septate, the other elongated and generally 
once-septate (p. 11). 

(10) All affected buds should be picked and burned as soon 
as they appear (p. 15). 

Heald’s figures in Plate I show well the tendency of the fun- 
gus to produce its spore-bearing branches in clusters. These 
figures represent better than do our own the usual habit of the 
fungus as it is found in diseased carnation buds. Our own 
figure (Plate IV, fig. 1) was made from one of the simpler 
forms of hyphz which occur when the fungus is growing very 
rapidly in a moist chamber. | 
_ On page 11 Heald says: “ In some cases in crowded cultures: 
the hyphz may give rise to new conidia at their tips without 
any branching or on very short lateral branches (pl. III, fig. 
18).” The writer has observed the same phenomenon in cul- 
tures on cooked apple in petri dishes (See Plate IV, fig. 5). 
Since this premature spore formation was especially common 
in a certain culture which for some unknown reason made a 
very scant growth, we incline to the opinion that it was in- 
duced by unfavorable growth conditions. 

We do not agree with Heald that bud-rot is necessarily a 
disease of neglected houses and not likely to prove trouble- 
Some in greenhouses that are kept in prime condition (p. 12). 
The Long Island greenhouses in which bud-rot has been trouble- 
Some during the past three years are exceptionally oy 
managed. 

Probably, Heald’s better success with inoculation experi- 
ments is due to the fact that he used a very susceptible variety. 
In determining the results of inoculation we (unlike Heald) 
have relied upon general appearance and microscopic examina- 
tion. In a case of this kind Heald’s method of reisolation (p. 
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10) serves no useful purpose except to give the impression that 
the experiments were conducted with exceptional care. But 
the accuracy of his work is discredited by the fact that after 
making a series of his careful (?) inoculation experiments* 
with pure cultures he referred the fungus to the genus Fusa- 
rium, and then, subsequently, explained the error as follows 
(p. 4): “It was found later that the trouble was due to a 
different fungus, and that the Fusarium was a contamination 
which developed during the transit of the specimens.” 


‘4’ MITE ACCOMPANYING THE BUD-ROT OF CARNATIONS, 
BY ROBERT H. WOLCoTrT.’’** 


This chapter of Nebraska bulletin No. 103 contains a brief 
discussion of the life history and the description of a mite 
which Dr. Wolcott says “may appropriately be designated as 
Pediculoides dianthophilus.” , 

The life history as given on p. 26 agrees quite well with that 
of the mites infesting carnation buds in New York State and 
Illinois and those in the buds received from Lincoln, Nebraska. 
The description and figures of Pediculoides dianthophilus, 
however, are somewhat misleading. This is particularly true 
of the figure of the male although the position of the hairs on 
the dorsum of the female is not correct. The first or lateral 
pair of hairs situated just behind the transverse constriction 
is not figured. The three pairs of median hairs figured in the 
plate are too near the lateral margins. 

The description and figure of the male are entirely wrong, antl 
it would appear that the figure of the male has been reversed 
thus giving one the impression that the knot-like head with 
its fringe of hairs is a part of the genitalia, while the other 
end of the body is provided with a head ‘and mandibles simi- 
lar to those of the female. Aside from these points of dif 
ference the structural characters of the cephalo-thorax of the 
“Pure cultures were made of the fungus, and successful inoculations were 

carried out. The fungus was again isolated and new inoculations 
made which indicated that the fungus alone was capable of producing 


the rotting.” (Science, N. 8., 23: 620. 20 Ap. 1906). 
“ By H. E. Hodgkiss. 
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‘male and female resemble each other so closely that it would 
appear to be impossible to mistake which is the cephalic end 
of the body, even if one were not acquainted with the usual 
structure of male genitalia. The copulatory organ of the male 
is typical of the family to which the species belongs. 

There is no question as to the correctness of the above obser- 
yations as the male specimens from which my illustrations 
‘were made were obtained from carnation buds sent me by Pro- 
fessor Heald as the species upon which he and Dr. Wolcott 
were working at the time. 
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THE BACTERIAL FLORA OF CHEDDAR 
: Oa WS RT ee 
H. A. HARDING anp M. J. PRUCHA. 


SUMMARY. 


1.—Recent developments in bacteriological technique have 
permitted a more intensive study of the flora of cheddar cheese 
than was previously possible. However, it is not yet certain 
that all the forms active in the cheese will grow upon our present 
culture media. , 
_2.—A quantitative and qualitative study of the bacterial flora 
has been made during the ripening period in nine normal cheddar 
cheeses. Seven of these were manufactured under commercial 
conditions and represented four first-class factories. 

3.—The quantitative changes go through a similar cycle in all 
cases but different cheeses vary widely both in the total number 
of germs present and in the age at which the maximum content 
is attained. There is no evident connection between the number 
of bacteria present and the rate at which the cheese ripens. When 
commercially ripe,a cheddar cheese usually contains some millions 
of living bacteria per gram. 

4.—More than 300 pure cultures were isolated and finally 
reduced to 33 groups according to the classification of the Society 
of American Bacteriologists. Ten of these groups disappeared 
from the cheese at once; representatives of 9 other groups were 
found in but single cheeses, although each group persisted for 
some time in the cheese where found; the remaining 14 groups 
are the most important members of the cheese flora. The 
Bacterium lactis acidi of Leichmann, which in- 
cludes 4 of these 14 groups, is the only species which was always 
found and it practically always included over 99 per ct. of the 
total germ content. 


INTRODUCTION. 


The work here reported is a part of the investigation of 
cheese ripening which is being conducted jointly by the Dairy, 
the Chemical and the Bacteriological Departments of this Sta-— 
tion. The results of these investigations have appeared in a 
Series of bulletins' of which this is a continuation. Before 
discussing the part taken by bacteria in the ripening process © 
it seemed necessary to determine as accurately as possible 
what kinds of bacteria are present in the cheese. This bulletin 
gives the results obtained from an intensive study of this phase ~ 
of the problem during the past four years. 

The changes which take place in ripening cheese have been 
the object of many investigations. These changes are known 
to result from the combined action of a number of factors, of — 
which bacteria and enzyms are considered the most important. 

All attempts at determining the part taken by bacteria in ~ 
the changes in cheese have been handicapped by a lack of ac- 
curate information concerning the bacteria which are active : 
during the ripening period. This lack of knowledge has not_ 
resulted from a failure to appreciate the value of such informa- 
tion but rather from the difficulty of acquiring it. 

In the case of the cheese flora this difficulty is a very real 
one. The organisms which grow best in milk and its products 
do not flourish upon our artificial media and some forms do 
not grow there at all under ordinary conditions. Even when 
pure cultures have been obtained they are frequently lost be-_ 
fore many observations have been made upon them. { 

In morphology, many of these cultures are so near the 
border line that a separation into the conventional coccus or 
bacillus is difficult; while their physiology is so variable that 
one wavers between the extremes either of putting them all 
into a single species or of making as many species as there 


IN. Y. Agr. Exp. Sta. Buls. 203, (1901); 214, 215, 219, (1902); 231, 23a5 
236, 237, (1903) ; 245, (1904) ; 261, (1905); Tech. Buls. 3, (1906); 4, 5, 6, (1907). 
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are cultures. The universal acceptance of species as the unit 
of biological classification at present requires its use here 
although the concept upon which it was founded can not be 
applied to bacteria. 

Species, as it was originally conceived and as it is at present 
used in the case of the higher plants and animals, is based 
primarily upon morphological similarity coupled with the 
ability to produce fertile offspring by sexual reproduction. In 
the case of bacteria the morphological basis for comparison 
or separation into species is slight, and in the case of the cheese 
flora is reduced almost to the vanishing point; while sexual 
reproduction is entirely lacking in the whole bacterial group. 

Peculiar pathogenic power characterizes many of the forms 
which were early designated as species. This characteristic | 
_ was serviceable both because it was easily recognizable and be- 
cause it was the most important fact in connection with the 
organism. In the absence of some single, definite character- 
istic, recourse has been had to reactions to various culture 
inedia. The difficulty here encountered is that such reactions 
are often but an expression of the present physiological condi- 
tion of the organism, this condition having been largely de- 
termined by the treatment to which the organism had been 
previously exposed. The examination of a large number of 
related species each of which is represented by a number of 
subcultures or strains will often furnish such a complete series 
of reactions that no satisfactory division into species can be 
made. ; 7 

The initial flora of milk varies widely depending upon its 
environment. When this milk is made into cheese the accom- 
panying changes in temperature, moisture and acidity induce 
a rapid shift in this flora. The undeveloped condition of our 
Classification and the difficulty of keeping living cultures of 
many of the forms until they can be directly compared with 
cultures isolated at a later date have, until recently, made it 
practically impossible to follow this change. 

_ When the study of germ life in any realm of nature is under. 
taken, attention is first concentrated upon finding media an&g 


conditions suitable for the growth of the germs present and 
the relative success of various efforts in this direction is meas- : 
ured by the number of colonies which develop. Thus the first — 
work is quantitative. When some measure of success has been 
attained in this line attention is next fixed upon so modifying 
the conditions as to make possible the division of the germs 
present into groups; that is, the work becomes qualitative. : 

Up to 1904 our study of the bacteria in cheese was largely 
quantitative although we frequently isolated pure cultures and 
recorded their reaction upon various media. The improve-— 
ments suggested by Conn & Esten? in the preparation of litmus — 
gelatin, together with the beginnings of a classification which 
had then been made, encouraged us to undertake an intensive 
study both of the kinds of germs and the relative numbers in : 
which they were present at various stages in the ripening of” 
cheddar cheese. While the results from our use of litmus gela- 
tin did not come up to our expectations the progress which : 
has been made in the line of classification has been a constant 
source of encouragement. : 

The fact is being recognized that it is its physiological activ. 
ity rather than its ancestry which makes a form distinctive. - 
The newer systems of classification tend to emphasize this fact | 
in a way that was difficult as long as forms were merely re-— 
ferred to ancestral types. The plan of Fuller & Johnson? and 
Conn’s* first classification. aimed to separate the organisps— 
into closely related groups. The proper group to which an 
unknown culture belonged having been determined, there re-— 
mained the problem of establishing its relation to the small 
number of related species which compose the: group. The 
later work of Conn’ arranged the germs by types, each of which 


Conn, H. W., and Esten, W. M. Qualitative analysis of bacteria i 
market milk. Conn. Agr.. Exp. Sta. -(Storrs) An. Rpt. 15: 63-91. 1903. 
See page 82. 

SFuller, G. W. and Johnson, Geo. A., Proc. Amer. Pub. Health Asso., 25: 
580-586. 1899. Similar data in Jour. Exp. Med. 4:609-626. 1899. 4 

Conn, H. W. _ Classification of dairy bacteria. Conn. Agr. Exp: sta. 
(Storrs) An, Rpt., 12: 13-68. 1899. 

5Conn, H. W., Esten, W. M. and Stocking, W. A. ie classification of dairy 
bacteria. Conn. Agr. Exp. Sta. (Storrs) An. Rpt., 18: 91-203. 1906. 7 
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received a name like that formerly applied to a species. In the 
classification now in process of construction by the Society 
of American Bacteriologists the aim is to reduce cultures to 
physiological groups, each group and its subdivisions to be 
designated numerically in a manner similar to the numbering 
of the books in a library. Whenever convenient, the species 
name may be retained for its appropriate group. 

From what has been said it will be evident that our present 
results must be looked upon as a provisional treatment of the 
subject. It is believed that they mark a step in advance in our 
knowledge of the bacteria in cheese, but nothing approaching 
an adequate treatment can be expected until the technique is 
improved to the point where cultures can be quickly and ac- 
curately assigned to their proper place in a satisfactory classi- 
fication. Then examinations may be made at sufficiently short 
intervals to catch the various phases of the shifting panorama 
of germ life in the ripening cheese. Until such information 
is at hand regarding this important factor of cheese ripening, 
attempts at explaining the changes which take place in the 
formation of cheese will be only shrewd guesses. 
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HISTORICAL. 


Studies of the bacteria in cheese have, uniformly, been con- 
ducted, and in most cases have been described, as incidental 
to the larger question of cheese ripening. At times these two 
questions have been considered as identical. 

While the work of Duclaux® marks the real beginning of 
the attempt to sort out and arrange the germs in question, the’ 
technique at that time permitted only faint glimpses of the 
real situation. Solid culture media with their resulting pos-— 
sibilities for quantitative work and the isolation and classifica- 
tion of pure cultures were as yet undiscovered. It was then 
necessary to rely largely upon microscopic observation of 
liquid cultures in order to determine their purity and it was 
but natural that the larger motile forms should be first recog- 
nized. The minute, immotile, lactic forms which really made 
up the bulk of the flora were commonly overlooked. iq 

In the absence of any exact knowledge of the species present 
it was natural that the workers should rely upon general de- 
ductions from the characteristics of groups of forms. Thus the 
analogy between the breaking down of the casein in cheese 
and the changes observed in milk cultures of enzym-forming 
bacteria led Duclaux to suggest that these forms were the cause 
of cheese ripening. In his opinion, the constant presence of 
such forms in cheese rendered the causal relation practically 
certain, 

It should be remembered that Duclaux worked with the 
semi-soft cantal cheese while the later studies have been made 
on entirely different kinds representing for the most part the 
various types of hard cheese. It was the conclusion of Duclaux 
that the ripening of cheese was due to the enzyms formed by 
the bacteria which he had isolated. Since this was the first’ 
theory concerning the relation of bacteria to cheese ripening 
which rested upon any extended study of the germ content it 
was generally accepted as applying to all forms of cheese and 


®Duclaux, E. Ann. agron., 1878-1882. also Le lait, Etudes chimiques et 
microbiologiques. Paris. Bailliére. 1887. 
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must still be considered as one of the current theories on the 
subject. 

Taking advantage of solid media Adametz‘ in 1889 reported 
upon the bacteria of emmenthaler cheese and “ Hauskase.” 
His observation that the larger part of the germs present de- 
composed sugar with the formation of acid laid the foundation 
for the theory that the bacteria of the acid-forming group were 
responsible for the ripening changes in cheese. 

Here, again, the inability to treat the subject upon the basis 
of species forced the classification back to that of general 
‘groups. The selection of acid formation as a group character- 
istic in this case was unfortunate; as the work of Smith* and 
others has shown that in the presence of sugar practically all 
bacteria form acid, the apparent variation in its formation 
being largely due to a simultaneous production of other neu- 
tralizing compounds. 

For nearly twenty years the students of this subject have 
been divided into two camps, one holding that cheese-ripening 
is due to the enzym-forming bacteria, the other that it is due 
to the acid-forming group. During this time neither camp has 
succeeded in demonstrating that its view is right or that ‘the 
other is wrong. Von Freudenreich® has been the leading ex- 
ponent of the lactic-acid theory while Adametz'’® and Weig- 
man’ have led in the support of the theory of bacterial enzyms. 
During this controversy the study of the flora consisted mainly 
‘ina quantitative determination of the numbers of each of these 
two large groups at various stages in the ripening process, 
Supplemented by studies of the physiological activity of repre- 
Sentatives of each group. Thus von Freudenreich'? showed 


7Adametz, L. Bakteriologische Untersuchungen tiber den Reifungspro- 
zess der Kase. Land. Jahrb., 18:227-270. 1889. 

*Smith, Theo. Ueber die Bedeutung des Zuckers im Kulturmedien fiir 
Bakterien. Cent. Bakt., I Abt; 18: 1-9. 1895. 

*v. Freudenreich, Ed. Ueber die Erreger der Reifung bei dem Emmen- 
thaler Kise. Cent. Bakt., II Abt., 3: 231-235. 1897. 

” Adametz, L. Sind Milchsiurebakterien oder Tyrothrixarten die Erreger 
te und Aroma beim Emmenthalerkése? Milch Ztg., 29: 753-754. 
‘*Weigmann, H. Handbuch der technischen Mykologie. 2:168. 1906. 
See note 9. 
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that lactic-acid bacteria could render casein soluble in the 
presence of chalk, and he and Russell & Weinzirl** made experi- 
mental cheeses to which they added starters of various organ- 
isms. These and other investigators have attempted to work 
out the flora more in detail but the methods at their disposal 
were not equal to the task. 

Gradually it is coming to be recognized that representatives 
of both of these bacterial groups may function in the ripening - 
process. Gorini't has pointed out that the division between 
enzym-forming and acid-forming bacteria is not clear cut but 
that there are many bacterial forms in cheese which produce 
appreciable quantities of both acid and enzyms. He has striven” 
to show that the group having these two characteristics in 
common is particularly important. ; 

This bulletin marks the application of an improved techni- 
que to this complex question and it is believed that it thereby 
furnishes more exact and detailed information regarding the 
bacterial life of the cheese than has been given by previous 
workers. 


CHEESES STUDIED. 
KIND. 


As we intended to study the flora of cheddar cheese, all of 
the cheeses used were good examples of full cream American 
cheddar and were made in accordance with the approved me 
thods by experienced makers. As they ripened they proved 
to be of very high quality, being practically free from any un- 
usual flavors or other defects. q 

The cheeses VIII and X were pressed in the form of Young, 
Americas, each weighing about 10 pounds; while the remainder 
were what is termed “ flats,” ranging in weight from 32 to 40° 
pounds. Our object in working with these large cheeses was 


3 Russell, H. L. and Weinzirl, J. The rise and fall of bacteria in cheddar 
cheese. Cent. Bakt., I1 Abt., 3: 456-467. 1897. 

4Corini, CG. Ueber die siure labbildenden Bakterien der Milch. Cenk 
Bakt., II Abt., 8: 187-140. 1902 > 
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to have a mass sufficiently large to ripen normally in spite of 
repeated sampling. 
ORIGIN. 


In order that these cheeses should represent more than the 
flora of our own dairy we obtained cheese from four commer- 
cial’ factories, all of which are characterized by a very fine 
product. Cheeses I, III and IV were furnished by Mr. H. E. 
Cook from the factory at Denmark, and cheese II from the 
factory at Copenhagen, cheeses V and IX by Mr. G. Merry 
from Verona, cheese VII by Mr. KE. L. Jones from Delevan, 
while cheeses VIII and X were made by our Dairy Expert in 
our own dairy. 

RIPENING CONDITIONS. 


The factory-made cheeses were shipped to us by express, usu- 

ally as soon as they were taken from the press, but in a few 
cases they were subjected to a slight delay. They were dipped 
in hot paraffin before they were placed in our curing room. 
_ The curing room was cooled by the ammonia process and the 
temperature regulated automatically with a daily fluctuation 
of about 8 degrees F. under favorable conditions. Owing to 
accidents to the machinery the temperature varied’ consider- 
ably with some of the cheeses. The temperature of ripening 
ds accordingly given in connection with each cheese. 


TECHNIQUE OF INVESTIGATION. 
TAKING SAMPLES, 


Samples for analysis were taken when the cheese was ready 
to go into the curing room and thereafter at stated intervals. 
In taking a sample a square inch of the layer of paraffin and 
the rind was first removed with a sterile knife, then a plug 
about four inches in length was drawn with a carefully flamed 
and cooled cheese tryer. Von Freudenreich and Harrison and 
Connell*® have shown that the bacteria are not evenly dis- 


*®Harrison, F. C. and Connell, W. T. A comparison of the bacterial 
content of cheese cured at different temperatures. Cent. Bakt., Il Abt., 11: 
637-657. 1903. 
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tributed in the different layers of the cheese and in order to 
get a representative sample we have followed the suggestion 
of Harrison & Connell and used a number of thin slices from 
the different parts of the plug. One gram of these slices was 
weighed out on a flamed copper foil, using a sensitive balance. 
The sample was then triturated in a flamed mortar with 10 
erams of sterile granulated sugar or finely ground sterilized 
quartz. Sugar was used with the first five cheeses and quartz 
with the others. Sugar is preferable in that it goes into solu- 
tion when the ground mass is diluted with water, thereby facili- 
tating the transfer of representative portions to the plates. 
This same property renders it less efficient as a grinding medi- 
um in the case of new cheese which is both very tough and 
high in moisture. Here the quartz is decidedly preferable. As 
the cheese becomes older it softens and then can be ground 
much better with sugar than with quartz. Care was taken to 
have the room in which the work was done as free from dust 
as possible and all utensils coming in contact with the cheese 
were either sterilized in the ordinary way or their surfaces 
were carefully flamed over a bunsen burner. There remains 
the objection that the material was exposed to the air for 
some minutes during the weighing and grinding. At most, 
the germs falling from the air were not numerous and with 
the high dilution necessitated by the germ content of the 
cheese there was slight chance of more than a single germ from 
the air appearing on any of the plates. In selecting colonies 
for further study only those were taken which represented two 
or more colonies on the plate. Thus we feel fairly certain 
that the germs to be later described represent forms which — 
were present in the cheese when the sample was taken. 

It is a matter of common observation that cheeses which are 
sampled often do not ripen normally, due largely to the loss 
of moisture and the introduction of molds. Our method of 
overcoming this objection to frequent sampling was to fill the 
place from which the plug had just been taken with melted 
paraffin. While the heat from this paraffin slightly affected 
the texture of the cheese at the surface of the hole plugs later 
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drawn from the immediate vicinity showed no bad effects either 
in texture or flavor. The paraffin entirely prevented the en- 
trance of molds. 

DILUTIONS. 


The sample of freshly ground cheese was diluted with 30 ce. 
of sterile distilled water. This water was added gradually 
toward the close of the grinding process and the aim was to 
form an emulsion. The success in making a good emulsion 
varied with the age of the cheese, it being difficult to produce 
with a young cheese and easy with an old one. A measured 
amount of the emulsion was quickly transferred to a water 
blank from which the desired dilution was prepared. 

In calculating the dilution of cheese sampled in this manner 
two methods are in use. According to one method the dilution 
is computed solely on the basis of the volume of water added 
in the grinding process while according to the other the pro- 
portionate amount added to a plate is figured on the basis of 
the total volume present at the end of the grinding process. 
The former method is the more convenient as the dilution fac- 
tor can be figured in advance and the dilution is always ex- 
pressed in round numbers. According to the second method 
the actual volume of the emulsion is determined and this value 
used in the computation. In our work we followed the latter 
method and as the average determined volume of the emulsion, 
when 30 cc. of water had been added, was 33 cc., our numerical 
results are 10 per ct. higher than they would have been if cal- 
culated on the other basis. 

Green cheese has a very large germ content, one of those 
studied showing 178 millions per gram. As the cheese ripens 
the germ content diminishes until in a ripe cheese only a few 
thousand per gram may be found. In order to get a good de- 
velopment of the colonies and thereby assist in the provisional 
Separation into kinds of germs present there should be only 
a few hundred colonies on a plate. Accordingly, the amount 
of dilution is of considerable importance. It has been the 
practice in this work to make at least six dilutions ranging 
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from 1-1000 to 1-200000 and three sets of such dilutions, 18. 
plates, were made from each sample. e 


While these high dilutions provide for the formation of char. 
acteristic colonies they have the disadvantage of cutting out 
those forms which are present in the cheese in comparatively 
small numbers. The occasional representative of these scat. 
tering forms which appear upon the plates can not be dis-. 
tinguished with certainty from the occasional isolated colony — 
brought in accidentally from the air, and is accordingly re- 
jected. There seems to be no satisfactory remedy: for this dif. 
ficulty sincé ‘with less dilution these forms are either 
crowded out or are overlooked on account of the small size 
of the colonies on heavily seeded plates. A partial remedy is 
found for certain classes where special treatment reduces the 
competition ; as where the material is heated to kill all but the 
spores, sugar is omitted to discourage the acid formers or suf- 
ficient acid is added to inhibit all but the yeasts. : 


MEDIA. 


One of the most striking characteristics of the majority of 
the germs from cheese is the feebleness with which they grow 
on ordinary solid culture media. In fact advances in our 
knowledge of the cheese flora is closely associated with im- 
provement in the preparation of media for such study. Thus” 
far no one has found a medium upon which all of the forms: 
present would develop satisfactorily and simultaneously. Ac 
cordingly we have been compelled to use a number of media. 

Our quantitative determinations were largely made upon 
whey-litmus gelatin. More colonies developed from cheese — 
samples on this medium than on the standard lactose gelatin. 
By its use most of the acid-forming bacteria can be dis- 
tinguished from those that do not have this power. We did 
not observe that the litmus in this medium had any influence 
on the size, shape or structure of the colonies. In some cases — 
it was observed that the color of some of the chromogenic bac- 
teria tended to be obscured by the color of the litmus. A 
sugar-free medium was employed when searching for the lique- 
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“fiers and non-acid-formers since many of these are sensitive to 
the acid which is developed from sugar in the medium by the 
lactic germs. Most yeasts thrive on cane sugar and tolerate 
an acid reaction so strong as to inhibit bacteria. From some 
of the cheeses we inoculated a series of plates of cane sugar 
media and added from 1 to 6 drops of a 25 per ct. tartaric acid 
solution to each plate at the time it was poured. For the sake 
of brevity and exactness the composition of these various 
media is summarized as follows: 


Mepis USED IN INVESTIGATION. 


Laboratory Composition of the media Reaction 
number 
5 grams Beef extract (Liebig’s)...... Per cent 
‘ Bre SING AS 343. ed. En wks Ue. 1.5 normal 
— 2.00 10 is, -Peptones (Witte’s).........: acid to 
| 0 se? alain SD 9 * oa ES aii eat tes peer rears phenolphthalein 
1000 ce Water (distilled)............ 
| 5 grams Beef extract (Liebig’s)...... 
Gee aMITINE MONT ck: FRGF i, Looe: pees 
2.02 Mie tie | Peptone (Witte’s)ws, ..) er ox. te atanbinies 
EAR 700 UOTE 8 Pape rr ne a EBC ORp EET 
| 1000 ec Water (distilled)...... sas ! 
5 grams Beef extract (Liebig’s)...... 
arn »ooPeptone:(Witte’s)< 34). 6. 2.2% 1.5 normal 
. Reel wh ce A TOLAIAT get oa 04S «ey Opies,» acid to 
2.22 . | 1000 cc Water (distilled)...:....... phenolphthalein 
eS Pmuritiiiey) Whey sce ik wl eel 
100 erams Litmus cubes... | filtr ee 1.5 normal acid to 
500 cc Water (distilled). phenolphthalein 
; 5 grams Beef extract (Leibig’s)...... 
ee PON ob ee dink Join igs yi - 
; iran. et Pentone.( Witle’s io. 2 eis ins Reaction 
2.31 Bae? FUGA ee eek genes ke Sees not 
& Bie) TAN SUGar sats t dish tvs. fold oh adjusted 
: 1000 ce Water (distilled)... cosine 
5 grams Beef extract (Liebig’s)...... 
Pg ES hy COE RS RR See oe weer 1.5 normal 
3.00 iis eS PeePeptone (Witte’s) 20007 OA acid to 
Me etN RTS oat 5 RE aS Sh ln wn ed phenolphthalein 


1000 ce Water (distitled in, si, cstearn 
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The plan of denoting the different media by numbers has. 
been found useful in both laboratory work and in records and 
will be followed in this publication. In this media record 
the digit signifies the form of medium as bouillon, gelatin or 
agar. The first decimal place gives the kind of sugar em- 
ployed and the second decimal place is left for other variations, 
Thus 2.00 signifies the plain peptone gelatin, 2.30 the same 
medium with the addition of cane sugar while 2.31 is used for 
the latter medium when made without adjusting the reaction. | 
_ We have followed the suggestions of the committee on stand- 
ard methods of the American Public Health Association” as 
reported in 1904 in the preparation of our media except that | 
we have uniformly used Leibig’s beef extract and sodium chlo-| 
ride and unless otherwise stated have titrated to a standard 
reaction of + 1.5 per ct., that is of 15 ce. normal acid to the 
litre. Titrations were made with hot solutions using N/10. 
sodium hydroxide and phenolphthalein. 

Medium 2.00.—This is our plain peptone gelatin. It was’ 
rarely employed except to test liquefaction in the work of 
classification. 

Medium 2.02.—This differed from the above medium only in | 
its reaction, being made neutral. We used it for plating out. 
cheese samples when studying the liquefiers and non-acid- “pro- | 
ducing bacteria. ] 

Medium 2.22.—This was the principal medium used for both | 
quantitative and differential study. In preparing plates with 
medium 2.22 each plate received 1 cc. of the cheese emulsion, | 
1 cc. of the litmus solution and 8 cc. of the whey gelatin. The 
plate accordingly contained approximately 11 per ct. gelatin. | | 

Preparation of the whey.—Three hundred ce. of sour milk 
was mixed with 10 litres of fresh, skimmed milk and the mass 
coagulated with 5 cc. of rennet extract. The coagulum was. 
cut up finely and allowed to stand 1 hour. After being drained : 
off and sterilized the whey was ready for use. : 


**Report of the Committee on Standard Methods of Water Analysis to él | 


laboratory section of the Amer. Pub. Health Asso. Journal of Infectious | 
Diseases. Supplement No. 1, May, 1905. . @ 


PRs 2 ; : 
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Preparation of the litmus solution.—One hundred grams of 
dry litmus cubes. was added to 500 cc. of distilled water. This 
was held 24 hours at 37° C. after which it was filtered and the 
reaction of the filtrate adjusted to + 1.5 per ct. after the me- 
thod suggested by Conn & Esten.*7 This litmus solution was 
sterilized in test tubes for 30 minutes in the steamer on three 
successive days. 

Medium 2.51.—This was the medium used in isolation of 
yeasts. 

Medium 3.00.—This is our plain peptone agar and like 2.00 
was little used in these studies. 


COUNTING. 


The plates made as above described were ordinarily held ten 
days in the laboratory before counting. The temperature ap- 
proximated 70° F. (21° C.) but varied 10 degrees from this at 
different seasons of the year. The average of the numbers 
found on the plates at the end of ten days was taken as the 
germ content of the cheese at the date of sampling. The count- 
ing was done with a hand lens magnifying 4 diameters and in 
most cases the entire number on the plate was enumerated but 
where the numbers present were excessive the counting was re- 
stricted to ten square centimeters or in some few instances was 
done under the microscope using a magnification of 10 to 20 
diameters. The ease and accuracy of the hand counting was 
‘increased by using a glass plate ruled in square centimeters 
and fractions as a guide and by an automatic recorder for 
enumerating the colonies. After the plates had been counted 
for total numbers they were recounted to find the number of 
each of the types of colonies represented. 


DIFFERENTIATION OF TYPES. 


The colonies on the plates were studied with a view of recog- 
nizing and isolating all the different types of germs. This 


See note 2 
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differentiation of bacteria by means of the colony growths on 
the gelatin plates was one of the most important parts of our 
work. Solid media, gelatin in particular, are universally used 
by bacteriologists for differential study. While the gelatin 
medium is a great improvement over the liquid media used by 
Duclaux in his cheese investigations, it has its limitations. 

A large number of forms necessarily find their way into the’ 
milk during its collection and its manufacture into cheese and 
they develop there at different rates depending on how well 
they are adapted to the conditions which prevail. When a 
sample of the cheese is plated it is probable that not all of the 
classes of germs present will be represented by colonies on 
the plate owing to the dilution used. In this work the dilu- 
tions in each cheese ranged from 1-1000 to 1-200000. The kinds 
present in the cheese in numbers per gram approximating less 
than the above dilution would usually be overlooked. 

The differentiation of those bacteria that develop colonies on 
the gelatin plates is based on their production of acid, of liqui- 
fying enzym or of some characteristic appearance in fis coll | 
peculiar to the particular type of organism. : 

Tt is fairly easy to separate the acid-producers from those | 
that do not possess that power. This may be done by the addi 
tion of calcium carbonate or litmus to the gelatin. We used 
litmus in our work. The litmus must be sensitive, otherwise 
the weak acid-producers may not be recognized. The condition - 
of the organisms at the time of plating the sample also seems | 
to affect the results. An illustration of this is found in the’ 
case of old cheese. Many of the lactic organisms become | 
weakened after the cheese has been in the curing room for 
three or four months. When a sample is plated from such 
cheese these organisms often fail to develop enough acid to 
turn the litmus red. | 

The separation on the basis of the liquefication of gelatin 18 
a fairly accurate method but the group classed as slow lique: 
fiers may be often overlooked. ‘The ability of the liquefiers to 
produce proteolytic enzyms is subject to variations which are 
not yet fully understood. The presence of sugar impedes the 
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liquefaction and slight variations in the composition or reac- 
‘tion of the media may entirely inhibit it. 

After all the colonies had been separated into four classes 
by means of the acid production and liquefaction further sub- 
division was necessarily based upon differences in size, shape, 
structure and color. These latter characteristics are subject 
to greater variation than either the acid production or the lique- 
faction, so that here the personal equation was necessarily 
large. In order to reduce the danger of missing any species pres- 
ent on the plate our aim was to recognize more types than were 
present, the recognition being based on very slight variations 
such as may be found among colonies on a plate prepared from 
a pure culture. We checked the possibility of including dif- 
ferent species under a single head by isolating two or more 
pure cultures of each provisional group, and relied upon the 
system of classification, to be later described, to determine the 
duplicates. While we recognize the limitations of separating 
bacteria into species by means of the methods mentioned above 
we feel fairly certain that we missed very few important species 
of bacteria among those that developed on the plates. 


CLASSIFICATION. 


A convenient and rapid method of reducing unknown cul- 
tures to clear-cut and closely related groups is the end toward 
which bacteriologists are striving. The more nearly these 
groups approximate our present conception of species the 
better. 

An attempt at classifying dairy bacteria was made in 1899 
by Conn.*8 He separated them into 10 groups, 3 of which were 
characterized by their chromogenesis—red, orange and yellow 
forms. The remaining organisms were divided into 7 groups 
on the basis of their morphology, liquefaction and spore forma- 
tion. These characteristics could be quickly determined (in 
many cases the assignment to groups could be made from the 
original plates) but owing to the small number of groups the 


See note 4. 
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final problem of classifying the members of a group was not! 
an easy one. 

In 1906 Conn’ brought out a more detailed classification of 
dairy bacteria which recognized 115 groups and about 160 
types. In this connection he disavowed any attempt to make 


use of the term species. This publication marked a distinet 
advance in the knowledge of the subject and it has been of 
much assistance to us in our study of the cheese flora. The de 
scribed types cover the field so completely that among the 
large number of cultures isolated in connection with our pres 
ent study all but one were included in Conn’s list. j 

The principal criticism of his system as it now stands is 
that many of the types are too inclusive. Our accumulatior 
of cultures of a single type in one case amounted to nearly 10( 
and they naturally fell into a number of subtypes. Even witl 
a much smaller number of cultures well marked difference: 
were observable. One type, Micrococcus varians, is well named | 
since the seven cultures which were studied are distributec 
among four different group numbers. Exception might als 
be taken to some of the characteristics used in separating 
groups. Viscosity, character of colony growths, and the char 
acter of the curd produced in milk seem to us as most ope! 
to the objection that discordant results would probably bi 
obtained by different workers. ) 

Conn’s classification is an adaptation to bacteria of the cor 
ventional botanical description accompanied by a key quit 
Similar to that in Gray’s Manual. Simultaneously there ha 
been taking form a system which is an adaptation of the Dewe 
system of classifying books, printed upon cards. - It is @ 
answer to the imperative need which has been felt of a mean 
by which a rapid comparison can be readily made betwee 
cultures. : 3 

Fuller & Johnson*®® showed that the most stable characte 
istic of cultures of water bacteria could be conveniently printe 
upon a card and the reaction of given cultures indicated by - 


19See note 5. 
See note 3. 
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or — as the facts required. Conn adopted this method in con- 
nection with his first work upon dairy bacteria, extending 
somewhat the list of reactions there recorded. 

Gage & Phelps** markedly extended the range of the card 
record. They added an ingenious plan of expressing numeri- 
cally the reaction of the organism under groups of conditions 
so that 91 possible reactions were recorded under 15 headings. 
At the same time, in connection with Kendall,’° they introduced 
the use of group numbers which expressed the most important 
characteristics of the cultures in a form which permitted the 
orderly arrangement of the cards and the quick finding of 
duplicates. 

Kendall proposed a numerical system of recording the min- 
ute details of culture growths. This extension in the matter 
of detail before there is agreement as to which are the more 
important culture differences simply increases confusion in the 
present state of the science. The time will undoubtedly come 
when this plan will be found useful in recording the influence 
of environment upon the details of culture growth. 

Recognizing the value of these attempts at bringing order 
out of chaos the Society of American Bacteriologists appointed 
a committee to draw up a card which should embody the maxi- 
mum number of good features. This committee reported at 
the Ann Arbor meeting in 1905 and the New York meeting in 
1906 and presented a card which the Society adopted pro- 
visionally. The committee was retained with instructions to 
improve the card as opportunity offered. An improved card 
Was presented and adopted at the Chicago meeting in 1907. 

This card consists of three essential parts: (1) A group 
number (see p. 140) as suggested by Gage, which records the 

“Gage, S. DeM. and Phelps, E. B. On the classification and identifiea- 
tion of bacteria with a description of the card system in use at the Lawrence 


Experiment Station for records of species. Pro. Amer. Pub. Health Asso- 
28: 494-505. 1903. 

*Kendall, A. I. A _ proposed classification and method of graphical 
tabulation of the characters of bacteria. Proc. Amer. Pub. Health Asso. 
28: 481-493. 1903. 
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A NUMERICAL System or RecorpDING THE SALIENT CHARACTERS OF AN~ - 


ORGANISM. 
Group number 
100 Endospores produced 
200 . Endospores not produced 
10. Aerobic (Strict) 
20% Facultative anaerobic 
30. Anaerobie (Strict) 
5h Gelatin liquefied ‘“ 
a ° Gelatin not liquefied sa 
0.1 Acid and gas from dextrose ; 
0.2 Acid without gas from dextrose : 
0.3 No acid from dextrose 3 
0 .4* No growth with dextrose = 
O1 Acid and gas from lactose : 
02 Acid without gas from lactose ui 
03 No acid from lactose 4 
04% No growth with lactose : 
001 Acid and gas from saccharose 
002 Acid without gas from saccharose 
.003 No acid from saccharose 
.004* No growth with saccharose 
0001 Nitrates reduced with evolution of gas 
.0002 Nitrates not reduced 
.0003* Nitrates reduced without gas formation 
00001 Fluorescent 
00002 Violet chromogens 


.00003 Blue = 
00004 . Green 2 
00005 Yellow. 
00006 Orange 4 


00007 Red : ; 4 
00008 Brown * | 
00009 Pink Ee Hd 
00000 Non-chromogenic @ 


.000001*  Diastasic action on potato starch, strong 
.000002* = Diastasic action on potato starch, feeble 
.000003*  Diastasic action on potato starch, absent 
.0000001* Acid and gas from glycerine 
.0000002* Acid without gas from glycerine 

~ .0000003* No acid from glycerine 
.0000004* No growth with glycerine 


pete ARE OLDS 


The genus according to the system of Migula is given its proper symbol 
which precedes the number thus: 


Bacruuus cour (Eseh.) Mig. becomes B. 299 ie 
BacCILLUS ALCALIGENES Petr. ier! es 212 .333102 » 
PSEUDOMONAS CAMPESTRIS (Pam.) Sm. 3 Ps: 211 333161. 
BACTERIUM suIcIpA Mig. «Bact. 292 232208 


*These items were added to the group number in 1907 and have not been } 
used by us in this work. 
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more important facts regarding an organism and provides a 
means of arranging the records so that duplicates can be found 
readily; (2) A brief characterization (see page 188) which 
may be filled in by means of + or — as suggested by Fuller and 
Johnson and which serves as a further means of comparing 
germs with the same grcup number; and (3) ‘A provision for 
tersely recording the detailed features of cultures upon the 
common media as suggested by Chester.”* 

The significance of each figure in the group number as en- 
dorsed by the Society of American Bacteriologists at its an- 
nual meeting in December, 1907, is shown by the key given on 
the opposite page. 


Our records of the cheese flora were begun with Conn’s modi- 
fication of Fuller and Johnson’s table but were largely entered 
upon a card prepared by Conn as a modification of Gage’s card. 
This card furnished practically all of the data called for by 
the Society card of 1906 aside from the detailed features of 
the culture growths. As soon as the Society cards were avail- 
able in 1906 the work was continued with them and the records 
transferred from the other cards. The Society card of 1907 
appeared too recently to be utilized in this study. However it 
differed from the former card mainly in calling for additional 
items and in an extension of the group number as indicated 
above. While the lack of some of the data for this Society 
card is tegrettable sufficient are at hand to characterize the 
culiures to an unusual extent. 

As has been explained, pure cultures were obtained from 
two or more colonies representing each type present on the 
plates at each analysis. The purity of these cultures was first 
tested and their group number determined except that relating 


*Chester, F. D. A manual of determinative bacteriology. New York : 
Macmillan. 1901. 


142 


to lactose and saccharose. At this point cultures which gave. 
every appearance of being duplicates were rejected and further 
studies confined to a single representative of each type. These 
selected cultures were tested with regard to practically all of 
the points called for by the classification card. 

In the presentation of our results it has seemed best to 
follow the Society card in designating the types of germs 
present. Accordingly, in the discussion of the individual 
cheeses the germs will be referred to by their group number 
and additional data regarding them will be presented in the 
table on page 188. As an assistance in comparing our re 
sults with those of earlier workers the name of the organism 
according to the classification of Conn is also given. This 
double presentation serves to bring out the advantages and 
limitations of both systems of nomenclature. 3 


DETAILED STUDIES OF CHEESES. 
CHEESE 4.6 I. 


This study of the cheese flora was begun with Cheese 4.6 I 
which was made January 23, 1904, at the Crown Brand Fae 
tory, Denmark, N. Y., and arrived in our laboratory four days 
later. A sample for analysis was taken immediately and the 
cheese was dipped in hot paraffin and placed in the curing 
room at approximately 60° F. (15.5° C.). This 40 Ib. cheese 
was under observation 136 days, 12 samples being taken during 
that period. It was a good example of cheddar cheese made 
for home trade and when fully ripened from the commercial 
point of view at 60 days scored 97%. | 

All of the samples were plated upon medium 2.22 but for 
comparison plates were also made upon media 2.00, 2.20 and 
3.20. The highest counts were uniformly obtained upon 2.22 
and the other media did not seem to offer any additional ad- 
vantages. é 
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Qualitative fora.—tIn this first cheese attention was concen- 
trated upon becoming familiar with the colony appearance of 
each species present and no special attempt was made to de- 
termine the relative numbers of the different species in each 
sample. Representatives of each observed variation in colony 

growth were isolated from each sample and after their purity 
had been determined they were studied both morphologically 
and culturally. Thus from the sample of April 7 eighteen cul- 
tures were isolated and after the preliminary examination all 
but five were rejected as being duplicates of some of these five. 
When the study of these five was completed two of them were 
found to have the same type name and group number. In all, 
95 pure cultures from this cheese were studied, of which 27 
were classified upon the cards, the remainder being rejected 
as duplicates. 

The group number according to the Society card of 1906 
and the type name according to Conn as well as the age of the 
cheese at which each of these 27 cultures were isolated are 

‘given in Table I. 


TaBLE I.—GeRms Founp 1N CHEESE 4.6 I. 


Age of the cheese in days. 
Group number Type name (Conn) 

7 oa 34 47 61 75 | 89 136 
er. 2 WU eal cee See BS PETS 
B. 112.33320 | B. lactis nebulus.......... ++ tow olla eam tie Tas lier, plate dl are, oe D2 |S ae 
tts 22200 |- Bact, lactis ubiquitum...... 5). 0... les ce ef eee eels ese cgle danced sua oa ATi). tet de 

EE SMD ioricd arten GCG iss. «icin dx) ca baw ©) cece} - oaleiplal cod sus efiasnre ote) ox gle oie] « d oshels + 

et 222300 =|) Back: lactisiacidi.a. L2 pL Eee oah lle ise epee cd cet] oe ole [we c vice gets cwalides ods + 
et? 33305) | M. lactis.citreus Dads... 2 cc vilics de a0 |oeieec opens eo slew soot ls wnsres Sey Ces 
| Bact. 221.22200 | Bact, lactis brevis.........|......|...--. pm ey ek, a4 eS ih: ats Walat a 
Wemmet, 222.22200 | Bact. lactis acidi..........)..-.0-)eeeeee + + ++} 4+4+ ] +4 [...... 
| Bact. 222.22220 | Bact. lactis acidi..........)...... ore Se en el harks’ 2 es ee Ok ee en ae ad be ee 4 
feet, 222.22300 | Bact, lactis acidi......i:...|e...ee|eceess + + + + Ae dba 2 gare 
| Bact. 222.22320 | Bact tacits Gardin. 24s. Phe |& ese Pie ef Se ste) Bn. coe SATAN S ccc, lt ctched Bee Heed ck atic Saeed che 


The sign + in the above table marks the isolation of a cul- 
ture of the given group number and type name. In a number 
of cases two or more of these signs are given on a single date. 
| These indicate cultures in which slight differences were noted 
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in the preliminary study but an extended examination did not 
show them sufficiently different to affect either the group num- 
ber or the type name. 

It will be noted in this and in the suceceding cheeses 
that two or more group numbers are used for representatives 
of the type Bact. lactis acidi. Those marked 212. do not pro- 
duce turbidity in the closed arm of the fermentation tube in. 
the presence of dextrose, lactose or saccharose while those 
marked 222. do produce turbidity under similar conditions. 
This formation of turbidity has been taken as a convenient 
though arbitrary basis for dividing the aerobic from the facul- 
tative forms. ‘The accuracy of this basis for division is open 
to question. Germs marked .222 form acid from dextrose, lac-_ 
tose and saccharose without the formation of noticeable 
amounts of gas while those marked .228 differ in not forming 
acid from saccharose. 

In nearly all cases the fourth decimal place is given as zero. 
In any place a zero means that the data is lacking, except in 
the fifth decimal place where it signifies that the growth is” 
white. This lack of data is due to the fact that indol forma-~ 
tion and not nitrate reduction entered into the group number 
on the cards in use when the majority of the cheeses were 
studied. In all of the numerous instances where the nitrate 
reduction of Bact. lactis acidi has been tested nitrates were 
not reduced and there is a high degree of probability that 2 
should be inserted in all cases in the fourth decimal place of 
its group number. 7 

The differences in the fermentation of sugar and in the rela- 
tion of oxygen to growth probably indicate constant and im-— 
portant differences which may be profitably used in subdividing 
the type Bact. lactis acidi. Well developed colonies show dif- 
ferences by means of which the appropriate group number can 
often be inferred but in the smaller colonies as they ordinarily 
appear on the plates these distinguishing characteristics are 
faint or lacking. A further improvement in our media-making 
is a necessary antecedent to an accurate enumeration of each | 
class of Bact. lactis acidi appearing upon the plates. 
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Quantitative results.—The quantitative determinations were 
made upon medium 2.22 with plates which had been held from 
7 to 10 days at 65° to 70° F. Six or more plates were made 
upon this medium at each examination and the recorded num- 
bers are the averages of the resulting counts. 

In addition to the germ content Table II records the observa- 
tions made by Mr. Smith upon the physical condition of the 
cheese at each analysis as well as the commercial score assigned 
to it. This score was upon the basis of flavor 50, texture 25, 
color 15 and package 10 points. 


TABLE II.—GrERM CONTENT AND PHYSICAL CONDITION OF CHEESE 4.6 I. 


Sample |Age of 


ten Icheese Germs Flavor Texture Body Color Score 
Days| Per gram 
Jan, 27 4 |135,700 ,000 
oo 30 7 | plates lost:| No flavor'except acid| Curdy....... Close, some mechan-} Slightly 
icalholesseccas.: mottled....| 92 
Feb. 5| 13 | 10,400,000 
“~ 15) 23 9,400,000) Acid decreasing; Somewhat Close, small mechan-} Little 
slight cheese flavor.| stiff........ ical holes........ mottled. ..| 93.5 
“ 26) 34 | 14,000,000} Acid nearly gone; | Smooth......] Close, few mechan-] Slightly 
some cheese flavor. teal holepee: as. .2: streaked...| 69.5 
Mar. 10; 47 | 8,800,000) Traces of acid; low} Smooth; Slightly 
cheese flavor...... SPH by WaKswleace ies: oe ee ye streaked...| 97. 
* 24 61 850,000} Acid practically gone} Silky........ Mechanical holes} Almost per- 
low, clean flavor... closed inp. eh fect... cls. < 97.5 
impr 7| 75 550 ,000| High and a little Smooth and - 
Bane tre cons) s apes pbliwie tee: Slightly soft....... 97. 
= 21) 89 S40 O00 Sharp. n.u. serene e< Slightly salvy. 
May 19| 117 Sharp, slightly off...| Waxy....... Clon.s.& sens pes ; 94, 
June 7| 136 38 ,000 93. 


The highest number of germs per gram of cheese, 135 million, 
was found in the first sample when the cheese was 4 days old. 
At 13 days the number had dropped to 10 millions. It was 
practically at this figure at 47 days but at 61 days it had 
fallen to slightly less than 1 million and steadily decreased 
after that date. 

It will be noted that the true cheese flavor was barely ap- 
preciable at 23 days but was well developed at 61 days. The 
Score likewise reached its maximum and the cheese was ripe 
when there was approximately 1 million living germs per gram 
of cheese. The rapid deterioration of the cheese after reaching 
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this point was probably due to the fact that about March 20 
the temperature of the curing room rose to 65° F. (18° C.) and~ 


remained up for some days. 


Graphical representation.—The changes in the germ content 4 
and in the numerical score of this cheese are given in Graph I. 
The form of a graph depends upon the relative values chosen 
for the ordinate and abscissa. In this case it has seemed best - 
to assign equal space to 1 million germs per gram on the ordi- 


nate and 1 day on the abscissa. The commercial score has been 


shown by giving 0.1 of a point in the score the same value on 


the ordinate as 1 day on the abscissa. 


GERM CONTENT 
Pacer ris COMMERCIAL SCORE : 


10 20 30 40 50 60 70 80 90 100 110 120 130 
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In order to keep the graph within the limits of a page the 
‘space allotted to a million germs is small. On this account 
one gains the impression from Graph I that the germs had 
practically disappeared by the time the cheese was ripe at 61 
days. ‘There were then present approximately 1 million living 
germs per gram, which is a very considerable number. 

The graph of the commercial score brings out prominently 
the commercial rating of the cheese. It gained rapidly in 
quality up to 61 days when it was commercially ripe. After 
that point its value declined sharply. 


CHEESE 4.6 IT. 


This 30 lb. cheese was made at Copenhagen, N. Y., April 22, 
1904, and reached our laboratory April 26. It was dipped in hot 
paraffin and held at 65° to 70° F. (18° to 21° C.) until June 10 
after which it was kept at 60° F. (15.5° C.). Nine samples 
were taken between April 26 and June 30 and the analyses 
were made according to the methods employed with Cheese 
461. On June 30 the cheese was disposed of. It was over- 
ripe and had developed a slightly bitter flavor. 

Qualitative fora.—In this as in Cheese 4.6 I which was being 
studied during a portion of the same period the work was 
directed toward isolating cultures of all the species present 
at each examination. Fifty-five cultures were isolated and 
Studied sufficiently to indicate duplicates, and 19 representa- 
tive cultures were classified upon the cards, The details of 
the isolation of these 19 cultures are given in Table ITT. 


TABLE ieeiehen Founp IN CHEESE 4.6 II. 


—_—_ 


Age of cheese in days 


Group number Type name (Conn) 
4 17 20.127 1,34, }, 41 | 48 1.55.1..69 
M. 211.33305 | M. lactis aureus A............. SPR Ly a aah: seal am IR eae | Mee ea MATE Sele i N= 1 
uM. 212 .33300 | Galactococcus versicolor.........|..-..- ce all | oe ae ie Ucriol Ae w eel De ww 
Bact. 222.22200 | Bact. lactis acidi............... Hetty tttty++) +/+) + [+t] +] 4+ 


In the study of the flora of this cheese a vigorous effort was 
made to find a basis for subdividing the type Bact. lactis acidi 
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which made up practically the entire flora of this cheese. In_ 
spite of the extended study of a large number of cultures the 
resulting group number and type name was uniform for all. 
The two forms of micrococci found in this cheese were not 
observed in connection with Cheese 4.6 [. | 
The great difference in the flora of Cheeses 4.6 I and 4.6 IT, 
which have only Bact. 222.22200 in common, is especially inter- 
esting in view of the fact that the Denmark and Copenhagen 
factories are located but a few miles apart and there was an 
interval of only three months between the dates of making. 
Quantitative results—The quantitative results aS given in 
Table IV were obtained from plates on medium 2.22 under 
conditions similar to those given for Cheese 4.6 J. The physical 
examination and commercial rating were made by Mr. Smith. 


TaBLE 1V.—GeERM CONTENT AND PuysiIcAL CONDITION OF CHEESE 4.6 II, 


Sample |Age of ‘ 
taken | cheese Germs Flavor Texture Body Color Score 
| Days | Per gram ‘ 
Apr. 26 4 | 69,600,000} Fairly clean acid; no) Curdy and| Close............ Wavy...... 92 
cheese flavor...... tlitcwewarenwee | 
May 9} 17 | 15,000,000} Clean acid flavor;* stifi but swells rie Streaked....| 94} 
no cheese flavor. . broken down 
“ 12) 20 | 3,100,000} Slight acid; faint ob- Smooth, 5 Se) ie ee Slightly... 
jectionable flavor..| slightly Wavy....- g44 
curdy:). 22s 
“ 19} 27] 2,100,000) Beginnings of clean] Smooth and| “ ............ Straight....| 944 
cheese flavor...... Waskevact nies 
“ 26; 341] 1,100,000] Faint acid and low} Smooth......] “ ............ < J. | 944. 
cheese flavor...... 
June 2} -41.) 1,800,000). 00.20. . e a oe dpc e vege no sere e oe en ieee eee ne 
“ 91 48) }- 4,500 O00}%. 2 Seca. TRE. PO Scie ieee h. Wee 
fort SOhe 09 36,000; Slightly bitter...... Smooth. and|: “S se eee a ee a 
NERA AS Be 


* The physical examination and scoring were made on May 5. 


Two mishaps occurred in connection with these examina- 
tions. The plates made upon May 5 and on June 19 were 
lost on account of the melting of the gelatin. Additional plates’ 
were prepared on May 9 and the results from these are given: 
in the table. 4 

The germ content of this cheese at 4 days was reasonably — 
high, 70 millions per gram, but it dropped steadily to approxi- 
mately 3 millions at 20 days and then decreased more slowly. 
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The rapid ripening of this cheese as well as the trace of 
bitter flavor and the relatively low score when ripened are 
undoubtedly due to its having been held at too high a tempera- 
ture during the ripening period. It will be noted that the 
true cheese flavor was observed when the cheese was 27 days 
old and that it was fairly developed at the end of 34 days. 
The point where the cheese could be considered commercially 
ripe was probably at 41 or 48 days but unfortunately it was 
not scored at those dates. The germ content was approxi- 
mately 1.5 millions per gram at 48 days. 
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GRAPH II].—GrErM. CONTENT AND COMMERCIAL QUALITY oF CHEESE 4.6 II. 
Graphical representation.—The changes in the germ content 


and in the commercial score are shown in Graph II on the 
Same scale as used in Graph I. 
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The decrease in the germ content during the first 20 days is” 
very abrupt. The highest commercial quality is also obtained 
before the 30th day after which the quality of the cheese is 
rapidly impaired. The rapidity of these changes was probably 
due to the relatively high temperature, 65° to 70° F. (18° to. 
21° ©.) at which this: cheese was ripened. 


' CHEESE 4.6 ITI. 


This 40 lb. cheese, like Cheese 4.6 I, came from Crown Brand 
factory. It was made August 1, 1904, and arrived at our 
laboratory and was first sampled on August 3. It was dipped 
in hot paraffin and cured at 60° F. (15.5° C.). The cheese was 
cut up when 58 days old. It then had a fine but slightly 
pungent flavor, being slightly over-ripe. 

Beginning with this cheese the method of ae: was 
modified as follows: Three separate series of plates were 
made from each sample. One series was made upon medium 
2.22 as in the previous cheese. The dilutions for the plates 
of this series were high in order to get a good development 
of the predominating organisms—the lactic germs. The sec: 
ond series of plates was made with medium 2.02 with the ex- 
pectation of favoring the liquefiers at the expense of the acid- 
forming germs. The third series was made with medium 2.51. 
Few of the bacteria would develop on this medium on account 
of its high acidity while the yeasts thrived upon it fairly well. 
The dilutions for the second and third series were low, rang- 
ing from 1-200 to 1-5,000. E 

Qualitative fora.—Four examinations were made and 15 cul- 
tures isolated of which 12 are shown in Table V. 


TABLE V.—GeERMS Founp IN CHEESE 4.6 III. 


Age of cheese in days 


Group Type name (Conn) 
} 2 7 14 45 
Str ci 1 2 22200.) Str slack cus \ oo eo os oak I eee Sea aes + |.. cee 
Bact. 2le,.2c000"|- Bact: lactis acid, Dev ksi ae ae ee ee ee ee + || steed ae - 
Bactse212.33300a) Back lactis COnnat : cote cuts ooh ote ces ee Slee: er ne | are ea @: .s}s «an q 
M. O11 222007 Me lactis albidus see ee eae eee she a eee ++ |... eae 
Bactes: 22122200 | sBact lactis brevisic cr ene fo sis avere one es eee etarate eel bt oc eel cee eee PG 
Bact: o222-222005 Bact, lachis Ge1rdite ak ses et aa ee eee Pe S| seer : 
Serer 2222) 92200 a) aStrbacticus .s.2 Fe ees ee se Se a ee ee Se ae 
M. 212 222057 | SMS lacks Gureus cs ie cto crest ia eas eo ee Bea Pires dics 5 


me 
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_ Of the forms present in this cheese Bacterium 222.22200 was 
also present in both of the former cheeses while Bact. 212.22300 
and Bact. 221.22200 were found in Cheese 4.6 I. 

Two strains of the type Str. lacticus were found in this 
cheese. These differ from the corresponding strains of Bact. 
lactis acidi only in morphology, and the latter are ordinarily 
so short that an exact separation of the forms into coccus and 
bacterium is difficult. 

Quantitative results-—The quantitative results from the 
three media as well as the results of the physical examination 
are given in Table VI. 


TaBLE VI.—GrRM CONTENT AND PuHysICAL CONDITION OF CHEESE 4.6 III. 


pele as Germs rites Yeasts Flavor Texture Body Color | Score 
== ie Eb Ay ey ct 
Days | Per gram | Per gm 
Aug. 3} 2 |83,200,000/130,000]...... Slight acid. No bad/Curdy...)Close, some |Wavy... 92 
HAVOL ts vg doe oe tee mechanical 
Noles ss. 
a1 000,000) 51 000) None... 6. ove eee ae ne ee fee cee h fons eens anes|encsccesfeneas 
Mola j*......... DSL UOO be secchess Traces of acid. Low, |Slightly. A Slightly . 93 
4 ‘ clean cheese flavor..| stiff... streaked. 
Sept. 15) 45 | 4,700,000} 20,000/None..|Tainted, pungent..... jiitie: Clases vest Straight.| ° 94 
silky.. 


* The results from this series of plates were very discordant, indicating some accident in their preparation. 


It will be noted that approximately 5,000,000° germs per 
gram were present in the fully ripened cheese. Liquefiers were 
also present in considerable numbers although they made up a 
relatively small part of the total flora. 

A combination of the quantitative and qualitative results 
from the examinations of this cheese are given in Table VII. 


Tape VII.—Bacreria oF Given Tyre in Curese 4.6 IIL. 
(Per Gram of Cheese.) 


Type name (Conn) Group number 2 days 7 Jays 14days | 45 days 
Tt 

Bact, lactis Connii................ Bact. 212.33300 BOO OCG A) RA LANE AS aE 
act, lactis acidi D............... A Cie ge Le eel we perves hehe cin EU OU: heme ok eenes beak increas vee 
My lactis aureus.............02... M. PUM 22200. |. Facyta Gt l te ZAOGR YT, ho, Fhetatn Nees 
Bact. lactis Uh 2 ee Bact. 222.22200 50 ,000 16,000 | 11,000 2,006 
ap lactis albidus...2......... 0065. M. 211 .22200 80 ,000 25,000 | 19,000 | 18 ,000 
Merce, lactis acidi.................. Bact. 212.22200 
Meet lachis Gcidi..... 50.0. ee eens Bact. 222.22200 tse ,070 000 | 41,812,000 |........ 4,680 ,000 
Streptococcus lacticus.........+.+.+ Str. 212.22200 

ey Vinal es docs sasecese 83,200,000 | 41,900,000 |........ 4,700 ,000 
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Graphical representation.—During the 45 days in which this 
cheese was studied the germ content steadily decreased. At 
the same time the commercial quality of the cheese was rapidly 
improving. The rate at which each of these changes occurred 
is shown in Graph III. | 
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Grapu III.—Grrm ConTENT AND COMMERCIAL QuaLity or CuesEsE 4.6 II]j 


CHEESES 4.6 IV anp 4.6 V. 


These cheeses were studied together for the purpose of bring- © 
ing out the differences in the flora of good cheese made simul- 


taneously at different factories. 


They were made September 27, 1904, Cheese 4.6 IV at the 


Crown Brand Factory, Denmark, N. Y., and Cheese 4.6 V at 
the Merry Factory, Verona, N. Y., and each reached our labora- 
tory two days later. They weighed 48 and 33 lbs. respectively 


and were well made examples of home trade cheddar, their 


later scores showing them to be of unusually high quality. 


| 
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After reaching us they were dipped in hot paraffin and placed 
in the curing room at 60° F. (15.5° C.). They were handled 
precisely alike, both in the curing room and in the time and 
manner of examination. The cheeses were studied until they 
were 92 days old, 9 samples being taken for analysis. The 
media used were similar to those used with Cheese 4.6 III. 

Quantitative flora.—Twenty-seven cultures were isolated 
from Cheese 4.6 IV and 26 from Cheese 4.6 V. Twenty-six 
representative cultures from these two cheeses were classified 
upon cards as shown in Table VIII. 


TABLE VIII.—Gererms Founp IN CHEESES 4.6 IV anp 4.6 V. 


4.6 IV 4.6 V 


my 3 


Group number Type name (Conn) 
Age in days Age in days 


2 | 10 | 17 | 24| 34) 2 | 10 | 17 | 24{ 34 


Seo | I, LACHES VATIONS... ocvccccce cecal coec|uscte| oe vefecstlocse]iccens SEN NR a he ad 
M. 211.22206 | M. lactis giganteus .............. AEA A Sell evel: S04 Na [ross | Re All Sca cde | cae 
M. 211.33305 | M. lactis aureus A.............-- Ce He “tk, coast See kt. BURNS, aco cke dt, heuce 
Male! DOCt. UGCtS GIDUM. 5... oe eee e cones |ecce|socelscae|soOapos ob Saal (coterie pertete ine Bl pax 
MT A200) | Sk. LACEECUS. «6 oe en cece ree sccetacee| cece S| lett Va eA ere | ae lick. Pham ee 
EEO | IM, Lacti8 GUTreUS. ove Fs ce ce cn v'e'e| ccc face cline ciel ccoe] ata ne] sears De Pe Oe eee 
ete 1222300 | Bact. lactis acidie<en.. oe. ccc ccsccclssceloece Soe AREY SORA Re «oH SET Tee Piel seceded aed NaH Ee 
meet 22200 | M. lactis albidus............cscce)eces|escclecssleccslecss Se fA ate ocaalet en berets 


M. 21.22305 | M. lactis varians................. «ong PR Piel | MP Flee 8 DG RR ere Sr ae a 
Met, 222.11100 | Bact. lactis aerogenes..........ccefececlecccfessslecrs SEE Melee [hove eRe fe ooh eet 
Sets. 22200 | Str, lacticus............ccccesacs|eccsfoses fit tk os Ais dalasecdeltan ollie ale am + 


( Bact, 222.22200 | Bact. lactis acidi..........-......]..-. sick tact ige. <cane ds 4 te APs eeueret eile oc Matcher a> 


Bact. 222.22300 | Bact. lactis acidt..............00% sft ottelies 7.) li soar | wc Seatpeea Canes walla o Ail Cesta ++ 
M. 212.22305 | M. lactis aureus............00000{-00% i ideo) SREY gerard NR Re Diy [op 


According to the above table the only germs common to both 
cheeses were Bact. 222.22200, Str. 222.22200 and Bact. 222.- 
22300. As will be seen from Table XI, page 156, these forms 
really made up a very considerable part of the flora of each 
of these cheeses. 

Quantitative results.—Plates were made upon media 2.22, 
2.02 and 2.31 as explained under Cheese 4.6 III. The results 
of these examinations together with the commercial score and 
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comments upon the physical condition of each cheese are given 
in Tables IX and X. 


Sample |Age of Germs | Ligue- 


taken |cheese fiers | .easts Flavor Texture Body Color |Score 
Days |Per gram} P. gm.|P.gm. Ea 
Sept.29| 2 | 6,500,700) 54,000)...... Clean. Slightly acid... .|Curdy...|Close. . are . : 
Oct. 7| 10 {37,100,000} 31 “900 1,200|Clean. Acid slight. Lit- a Slightly ” 
tle cheese flavor..... wavy. k 
“ 14) 17 {14,100,000} 6,800; 220 — Slight cheese [Smooth .|Close. Waxy| “ i- 
: BVOL,,. +s 00 cueaee ye 
“ 21} 24 {13,700,000} 6,900 260|Clean. Mild.......... % =i sj —95E 
“ 31; 34 | 8,000,000; 7,800 46 ers clean cheese a Clots cate Straight.; 97 | 
5 tea ae tee ilky.. ‘- 
Nov. 7} 41 5,900,000} 2,900 33)\Clean, fine flavor .<\s..7 |’ s:ce.0 allen eee toiee Perfect..| 98 — 
fe: 15). 49. 44 ' Clean, fine flavor...... rite Silkye.% sok ‘3 98 
ilky.... is 
« —~b11 55 | 3.600.0001 7,100! 680\Clean-..........cectcl.. 0c ae «ot 
Dec. 28) 92 1,100 ,000 Not. a8 good ...3% 10. 6.56 |e cg ele eee 97 


* Plates melted and count lost. 


TABLE X.—GrERM CONTENT AND PuysicaL CONDITION OF CHEESE 4.6 V. 


Sample |Age of ’ 
taken | cheese Germs leg Yeasts Flavor Texture Body Color 
Days |Per gram| P. gm.|P.gm. 
Sept. 29} 2 /90,600,000| 11,700)...... Acid. Clean.......... Close...... Slightly 
: wavy.. 
Oct. 7| 10 |54,200,000| 2,000) 3,200\Clean, acid. Faint Smooth, “pi Straight, 
cheese flavor.......- 
“ 14] 17 |88,300,000| 5,500|......|Clean, faint acid. Little empot s Wavy... 
cheese flavor........ Silky. . 
a B46 100000: 0 0|Faint bitter, Some “i |Perfect.: 
{ cheese flavor.......: 
“ ~ 31] 84 131,200,000 300 40|Flavor developing. Not ¥e m > 
; quite’ clean 7 cee: 
Nov, : , 41 54,300,000 70| -380/Slightly bitter.....:... s e & 
bale ee!) eae? is deem iaialns We trap inerier eel Mesh inGore riba im inm aL Ise hs Siac cok Gey 
“~-21)\. 65 | 2,500,000 500 60|Slightly bitter ........ i ae s 
Deer25 92 o2)2,7 U0 O00 es cere elle meee . Bad flavor has dis<: |. :c2'<saalem one ee eee 
appeared.’ Jon. Je. . : 


* Plates melted and count lost. 


A distinct difference in the quantitative flora of these tw 
cheeses is evident. Cheese 4.6 IV is credited with but 6.5 mi 
lions per gram at 2 days. This is the average of the coun 
from 10 plates on medium 2.22 of which 7 were closely accor 
ant while 3 gave markedly higher counts. This exceptionally 


oa 
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| low germ content may be connected with temperature condi- 


tions experienced in shipment or with variations in the method 
of manufacture of which nothing is known. 

While the germ content of this cheese remained low during 
its entire history it ripened quickly and satisfactorily, receiv- 
ing a score of 9814 at 49 days. The germ content at 41 days, 
when it was practically ripe from a commercial point of 
view, was about 6 millions per gram; and at 55 days there were 
still 3.5 millions germs per gram alive in the cheese. At 92 
days when the cheese had passed its best and begun to deterio- 
trate in commercial qualty there were over 1 million germs 
per gram present. 

Cheese 4.6 V differed in that it had more than double the 
germ content found in Cheese 4.6 IV during practically the 
whole of the ripening period. However it ripened distinctly 
more slowly and did not attain its best until 92 days when it 
scored 9814. At this time it had a germ content of over 7 mil- 
lions per gram. The apparently anomalous count at 24 days 
is based upon the results from 9 plates all of which were fairly 
accordant. 

It will be observed that while the total germ content of the 
rapid-ripening Cheese 4.6 IV is uniformly low, it contained a 


considerable number of liquefying forms. On the contrary 


' 


the slow ripening Cheese 4.6 V with its much ans total germ 


content contained few liquefiers. 


The quantitative relations of the types present at each ex- 
amination of the two cheeses are shown in Table XI. 
This table makes it clear that representatives of the char- 


acteristic lactic-acid ‘groups, Str. lacticus and Bact. lactis 
acidi, were only one-half to one-tenth as numerous in the rapid 


ripening Cheese 4.6 IV as in the slow ripening Cheese 4.6 V. 
After carefully considering these two cheeses it is hard to 


escape the conclusion that although the lactic group is of the 


first importance in the first stages of cheese ripening there 
are other more important factors controlling the Bee of ripen- 


ing eon the later stages. 


i 
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Graphical representation.—Graphs IV and V emphasize the 
fact that while Cheese 4.6 IV attained a higher commercial 
quality than Cheese 4.6 V, it did not long maintain this ad- 
yantage. The markedly higher germ content of Cheese 4.6 V 
is also clearly shown. Cheese 4.6 IV was commercially ripe 
at 41 days while Cheese 4.6 V did not reach this condition until 
92 days. 
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Grarx IV.—Gerrm Content AND ComMERCIAL Quatiry or CHEESE 4.6 IV. 


CHEESE 4.6 VII. 


This 35-lb. home-trade cheese was made March 6, 1906, at 
Delevan, N. Y., and sent us by Mr. E. L. Jones. It was 
| delayed in transit and did not reach us until March 13. It 
' Was at once dipped in hot paraffin and placed in the curing 
Tfoom at 60° F. (15.5° C.). Six samples were analyzed cover- 

| ing a period of 99 days. | 
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GRAPH V.—GERM CONTENT AND COMMERCIAL QUALITY OF CHEESE 4.6 V. 


Portions were plated each time upon media 2.02, 2.22 and 
2.31 to determine the liquefiers, total germ content and yeasts 
respectively. At the first three examinations two additional 
series of plates were prepared with medium 2.22 and placed 


in Novy jars. 


In one series the oxygen was replaced with 
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hydrogen and in the other it was absorbed with pyrogalic 
acid and potassium hydroxide: In this way these studies 
were extended in a preliminary way to the anaerobic flora. 
Qualitative results—Twenty-five representative cultures 
were isolated and the type and time of isolation of 23 of them 
are shown in Table XII. 


TaBLE XII.—Grrms Founp IN CHEESE 4.6 VII. 


Age of cheese in days 
_ Group number Type name (Conn) ; 
ix we , 8 | 16 37) |) 51 
OAS - BUC. LACS GCI. « «1 aes. clogs « sqoctek palegete eye otal 6E En. 4 by ley ba te heed 
Mt e000) | Bact. [OCHS GCA...) owe csc cece sencesecccccscoscslevaves + oe ie ee oe 
ress T| BOCl Lacks VeSCORUM <2ies ck b 1S miele « tagseay) Gs a» cada das hdd pedal. Sass +++ 
Ma | OE, UICTISICUTCUS Do ccc acts evccscectscasvecddesslocseinlsscseuge Sd eee 
M. eo! LM LaCkisUGrans vc cw A. by. ose ei eta at. «Ld deh(at ab kvby fh. aae% | ++ + + 
MU Ser LOCICUS. .. leew nes ee sacecudbedecssasetrccclecbeuslascuencs i oe ante 
Oy a ae ee ce a ae + |++4+4+) 44+ }]...... 
Meee 22280) Duel, lactis acitlt....... . w c  w  c cc cee ewes = emp! pt tine | I la Bie oP 


The type WM. lactis varians was the only liquefier found in 
this cheese. A new type, Bact. lactis viscosum, was repre- 
sented by three cultures isolated at 51 days. There is no 
apparent explanation for the appearance of this form in con- 
siderable numbers so late in the history of the cheese. The 
other types present have all been met with in previous cheeses. 

Quantitative results.—The result from the plates made at 
6 examinations on media 2.02, 2.22 and 2.31 as well as the com- 
mercial score and comments upon the physical condition of 
the cheese are given in Table XIII. 


“Taste XIII.—Gererm Content AND PHysIcAaL ConpITION OF CHEESE 4.6 VII. 


Age : 
aun of Germs Anaerobes ate Yeasts Flavor Texture | Body Color |Score 
cheese ot 
; Per gram | Per gram | P.gm.|P. gm 
Mar. 13 8 | 106,300,000} 109,600,000 0 DS] rE ee cg gee Se ee all) a Siete ee 
21; 16) 74,100,009} 70,890,000) 45,000} 100 | Low with slight] Smooth. .|Medium Wavy...| . 954 
: molasses flavor. . Closes tess eamepae ote 
Apr. di) 37 | 71,500,000} 74,490,000} 1,600 Qiiweeetaey cr ne regs Het ee SE Le... 
2) 51} 35,200,000|........... 19 364 PPS ACT ee eat Smooth | Close..... Slightly | 96 
: and silky wavy.. 
Mayet2) «68 | ~ 9,900,000)...........)....... O] Tainted. cus c. Bmoath .f. a caac.+: Slightly.| 94 


streaked 
june 12} 99| 3300,000|........... 500; 0 | Tainted.......... Smooth..| Salvy....}......+- 95 


r. 
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This cheese was commercially ripe at 68 days and at that 
time had a germ content of over 9 millions per gram of cheese. 
The cheese was very well made but probably was exposed to 
unfavorable ripening temperature during the delay which oce- 
curred in transit. It had from the first a faint foreign 
flavor somewhat resembling molasses and as the cheese became 
fully ripened this taint was easily noticeable. 

It will be seen that the numerical results obtained from the 
anaerobic plates were practically identical with those obtained 
upon the same medium with aerobic plates. The qualitative 
results were also identical in that no types of colonies were 
found on these anaerobic plates which were not also present 
on the aerobic ones. These results do not preclude the pos- 
sibility of finding additional forms after continued work with 
this or other media. However it rendered the finding of such 
forms, in sufficient quantities to be of importance in the prob- 
lem of cheese ripening, improbable and the work on this line 
was discontinued for the present. 

The approximate number of each of the various forms pres- 
ent at the different examinations is given in Table XIV. 


TaBLE XIV.—BaAcTERIA OF GIVEN TYPES IN CHEESE 4.6 VII. 


(Per Gram of Cheese.) 


Type name (Conn) | Group number 8 16 37 51 68 = 99 
M lactis curcusiBees M. r 212 833800 prec eh -raleeope sie eG 1 000) & 2.25. caylee ae 
Bact achismscosum. (Bact: 22 Sdo0ls sank cts hc clic eet cree > oll Nearer 100: 000). <0. cacice)l eae 
Me lactisivorians... (Mo 22122205) caer 8,000 1,600 19,000)... 2.62282 Be | 
Bact. lactis acidi.. . .|Bact. 222.22200| ) 

Bact. lactis acidt..... Bact. 222.22220) | 
Bact. lactis acidi. . . .|Bact. 212.22200| } 106,300 ,000| 74,092 000) 35,497,400) 35,200 000} 9,900,000; 3,299, 
Bact. lactis acidi. . . . |Bact. 212.22300) | 
Streptococcus lacticus.|Str. 222.22200| J 
otal mec sells Den ast ome 106,300 ,000| 74,100,000] 71,500,000} 35,200,000| 9,900 ,000) 3,300, 


From this table we see that, aside from M. lactis varians, 


the germ content was almost exclusively composed of the typi- 
cal lactic germs. Since it required 68 days to ripen, the pres- 
ence of an unusually large number of the lactic organisms 
during the entire ripening period did not appear to hasten 
the ripening processes of the cheese. 
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Graphical representation—Graph VI shows at a glance 
that the germ content of this cheese during its 68 day ripening 
period was greater by many thousands per gram than those 
previously studied. The irregularity in the commercial score 
is due to the development of an objectionable taint. 
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Grapy VI.—Gerrm ConTENT AND COMMERCIAL QUALITY OF CHEESE 4.6 VII. 


CHEESE 4.6 VIII. 
Up to this point all of the cheeses studied were from 2 to 8 
days old before the first sample was taken for analysis. With 


Cheese 4.6 VIII, which was made June 18, 1906, by our Dairy 
Expert in our own dairy, examinations were begun with the 
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milk in the vat. Sixteen samples were taken representing 
the milk, whey, curd and the ripening cheese. These ex- 
tended over a period of 62 days. ee 
On the second day the cheese was dipped in hot paraffin and 
placed in the curing room at 60° F. (15.5° C.).. | 
This cheese differed markedly frond those previously tested 
as they were good examples of home-trade cheddar cheese while. 
this was of the dryer, export type and ripened correspondingly 
slower. The cheese developed a fairly clean mild flavor but 
was not fully ripened at 62 days. : 
The milk used was that from our own herd and, as we were 
then testing a milking machine without keeping the rubber 
parts in brine, the milk had an undesirable flora. Notwith- 
standing the addition of a liberal starter, slight evidence of 
gas formation appeared early in the process of manufacture 
but did not become troublesome. 5 
In making cheese in small quantities it is difficult to avoid — 
eliminating too much moisture and a@ordingly the cheese was — 
dryer: than was intended. 
Qualitative results.—The distribution of the 14 cultures | 
which were selected as representative of those present is showls 
in Table XV. - 


TABLE XV.—GeERMSs FouNpD IN CHEESE 4.6 VIII. 


Age of cheese 


Group number Type name (Conn) i 

2 4 10 29 36 

Milk | Whey} days | days | days | days | days 
B. Ce SB B0D ss aa ACheS Ch LOUMDLINT eens asa cit tian ines aces | cee 
Bact. £12.33305 | -Bacthlackis auneum Ll oras.s-os0 - o'sccallincm «  oveel we ones 
M. DTT Sao OOM lAd1S QOUS ss nis ciate ees ca eal lpia 
Bact. 211.33300 |; Bact. lactis album............ tr aewre es lost nie 
Bact. 212.22200 | Bact. lactis acidi C.............. Fes a et des 
M. 212.22200 | M. lactis acidt....... bey Saat S ee as 
Bache 12-2 2300 . = Bact.lachis acidtee sa. sais tee eee eee 
Bact. = 212733300" |" Bact: lactis Conntt.--.6. 2.25632 Po Se ae 
BR GHEo O1 2) Soo Oona hee sisaminad ee Dk oe eae Prat ean ae 

Bact. 222.11100 | Bact. lactis: aerogenes... 22... 006.) 0.0.28 + 

B: 222, 11100. |. B.-colt, aerogenéss. <. ciss <.nce« 02 4 00.4 of gahs ie wae 


ERS RES Re BPE 


The dairy in which this cheese was made is seldom used for 
cheese making and it was to be expected that the flora of this 


be 


_ 
163 


cheese would be somewhat abnormal. Only four of the organ- 
isms present have been met with in the other cheeses. Bact. 
912.22200 and Bact. 212.22300 are familiar lactic forms and 
were present in considerable numbers while Bact. 212.53300 
was found in Cheese 4.6 III. The latter is probably not an 
active form in connection with cheese-ripening processes as it 
neither attacks sugar nor produces digesting enzyms. Bact. 
222.11100 was also isolated from Cheese 4.6 IV. It is not con- 
sidered active in the ripening of cheese because it is never 
found in any considerable quantities in a first-class article. 
It is a vigorous gas former, is not found in clean milk and is 
inhibited by the cheese making process. 

Soon after the milk was put into the vat signs of gas pro- 
duction began to manifest themselves but were soon suppressed 
and the resulting curd was free from gas holes. Coincident 
with gas production two species of gas-producing bacteria were 

found in the milk and cheese. B. coli aerogenes, B. 222.11100, 

was found in the first sample only and in very small 
‘Tumbers. Bact. lactis aerogenes, Bact. 222.11100, made up 
about 10 per ct. of the flora of the first three samples. 

The results from this cheese accord with the idea that aside 
fiom the lactic group there is no single group or at least no 
Single species of bacteria absolutely essential to the ripening 
process. It must be admitted, however, that the ripening of 
Cheese 4.6 VIII was neither so rapid nor so satisfactory as 
might be desired. 

Quantitative results.—Plates were made upon media 2.22, 
2.02 and 2.31 for the purpose of determining the total flora, 
the liquefiers and the yeasts respectively. The results of these 
examinations are given in Table XVI. 


164 


TaBLE XVI.—GerRM ConTENT OF CHEESE 4.6 VIII. 
pe 


Age Total = 
Sample of germ Liquefiers | Yeast Lactic Gas Indifferent 
taken cheese content bacteria producers 
Per ce. Ua ereCe. PP opeen. Per ce. Per ce. Per ce. 
June 18, 
‘ epee MS | Mi er cea, 9 ,000 ,000 AS CLOT al Neca 4,372,000 | 1,010,000 | 3,610,000 
une 18, 4 
nee M. Sb rte SR 16,200 ,000 10 ,000 200 | 11,770,000 1,620,000 | 2,800,000 
une 
11.30 a.m. | Whey......... 10 ,000 ,000 3,000 0 | 7,500,000 | 1,000,000 | 1,500,000 
June 18 Per gram | Pergram |Pergram| Per gram Per gram | Per gram 
3.00 P.M. Curd in vat....| 8,000,000 500 0 ch 25999: S004)... eee te sae sl eee i 
June 18, 
4.30 p.m. | Curdin vat....} 14,100,000 1,000 0 j|:14,053¢000 a) ses peeves Wiles i 
June 18 : 
8.00 p. M. | 3 hours in press} 1,800,000 300 0°} 31, 79957002) 2%. 2 eh .4] See 
June 19..... itis Cyaan ee 26 ,800 ,000 5 ,000 0 | 25,670,000 324,000 |. ¢.. oes 
ory eee Dh Sei deeaud tex 9 ,000 ,000 5,000 0.1 » 8,997 000-414... ced Fee eer 
ee ee STARR, ae 3,000 ,000 3,000 0} 2,997,000 ss ce cere te: |e ‘ 
Sh Dees. LQ a me eee vad 1,600 ,000 3,500 50 1,596, 500.5|¢ soc 2em teh ieee 
JULY. vOsee ee LY die sant 720 ,000 0 720 0002) ict cece sos ee 
ee 0 Otay VES aE 1,900 ,000 0 0| 1,806,000 94,000 |.......... 
PUL a er ea ee eres 750 ,000 2,400 0 131, OUU A acuse ste ,000 
orualOlt a's le Oakey bee sis meets 12000),000 fiw: Satanic O |. 1,000,000. se iccictee c : Sele Bi 
DCP LW csc] 09 ss sien 10000007) een es 0 1,000 ,OOOP | cs cr. cate cc! ito as 


In attempting to express the changes which take place in the 
flora as the process of manufacture proceeds there is difficulty 
in chosing proper units of measurement. Cubic centimeter 
and gram are the units universally used in work with milk 
and cheese respectively but when used together in a single 


TABLE XVII.—BaAcTERIA OF GIvEN 


Age of cheese 


Type name (Conn) | Group number |—-————-——-—___—_—— No. 
Milk Milk-ripe Whey Curd Curd 


Per ce. Par cc Perce. | Per gram| Per gram 
B. coli aerogenes...... B. 222.11100 10 000)... F555 5 eo). Sa She eee eee ee 
EC Oy eae Bac. 212.33307 10/000)... «2. css. <| sass cakes ee 
Bact. lactis aurcum IT. Bact. -112,33305) 660... es |aas seas cote = i eee 48,000; 3 
B. lactis chromatum..| B. LAD SBSSOR conte sees 2,000) .......-. uh bails aerate ee 4 
Bact. lactis Connii....| Bact. 212.33300] 3,600,000] 2,800,000) 1,500,0001........./.......... 5 
Bact. lactis aerogenes. .| Bact. 222.11100' 1,000,000) 1,620,000] 1,000,000].........].......... 6 
Bact. lactis album..... Bact. 211.33300 3,000 4 000 2.5. 2sh. bee e ba meat 1,000} 7 
M. lactis albus.......| M. 211.33300 5,000 6,000 3,000 500 be scivs eee 8 
Bact. lactis acidi...... Bact. 212.22300 
Bact. lactis acidi C....| Bact. 212.22200| + 4,372 ,000}11,770,000} 7,500 ,000/2,999,500|14,051,000) 9 
M., lactis acidi........ M. 212.22200 ES 
Mata lea ncnresesrnl naedeuc vaya tckbare Sore oes 9 ,000 ,000] 16 ,200 ,000) 10 ,000 ,000/3 000 ,000/14,000,000} 10 
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study they do not express equivalent amounts. As similar 
‘observations have been made upon the germ content of the 
milk, whey and curd in the case of a number of cheeses a 
discussion of this phase of the question will be deferred until 
data from two more cheeses have been presented. 

No result from the commercial examination is given for this 
cheese partly because of the necessary absence of Mr. Smith 
at the dates of many of the analyses and partly because of the 
inherent difficulty of his giving an impartial judgment concern- 
ing his own product. The ripening progressed satisfactorily 
though slowly, as is to be expected with this type of cheese. 

It is seen that while the germ content of the milk at the 
time that the rennet was added was 16 millions per cc. that 
of the whey 2 hours later was only 10 millions per ce. This 
would suggest that through the coagulation produced by the 
rennet a considerable proportion of the germs were caught 
and held in the curd. Turning to the observations on the 
curd it is seen that during the time that the curd in the vat 
was undergoing the so-called ripening process the bacteria 
multiplied from less than 3 millions to over 14 millions per 

gram. More surprising is the observation that after being put 
to press the germ content fell again in 3% hours to less than 


‘Types in Cuerese 4.6 VIII. 


Age of cheese 


Foie 2 ‘i 


1 day 2 days | 4 days | 10 days |17 days} 23 days |45 days} 53 days | 99 days 


— i f | "TF 


Per gram | Per gram| Per gram| Per gram| P. gm.| Per gram| P.gm. | Per gram |Per gram 


Cs CC ee ee ee Ce cr er 


eee 6s C16 6 so) SS FLEE SEHS CHR Cee PEL S CSS Ketel ePoensinfucrsevreerefecsnveeleceeovcecrelesceveces 


en, :. PO, aes whey Wb ee ea se here cies cy bi ad REE Sas ccc bed caters 
eet. TAG VE 7 Salen oh 4 | ks (Cra Ce A a apaaaee VERS 
a Sate eee ST ees Cena Ha TNO0 sa vata dee: 
Bee NOOR Meas Nee exe. ade. uh, wk: CTRL ot RMS DT GORE E 
eg fe meet te Ne Ee oy tet CE POG) ciel ae 
EOOOier 8.000). S200016 2 )000h). cals. sw een, ETT aii can Ma SSE 


25,670,000) 8,996,400| 2,997,000} 1,596,500) 720 ,000| 1,806,000; 731,000) 1,000,000) 1,000,000 


26,800,000} 9,000,000| 3,000,000] 1,600,000! 720,000] 1,900,000] 750,000| 1,000,000 | 1,000,000 


166 } 


2 millions per gram. On the following day it contained 26 
millions but from this point the germ content decreased at 
first rapidly and then more slowly. At 99 days there were still 
1 million living germs per gram in the cheese. 

This cheese was conspicuous for its low germ content, the 
bacteria present being preeminently of the lactic type. Yeasts 
were found in only two samples and then in small numbers. 
Liquefiers, though present, were not numerous and many plates 
did not show any. | 

The number of organisms of each type present at each ex- 
amination as estimated from the colonies on the plates is given 
in Table XVII. 

This table brings out the fact that the lactic forms are the 
only ones which persisted steadily and in large numbers 
throughout the ripening period of the cheese. The other forms 
which were recognized at intervals were relatively so scarce as 
to be often missed on account of the dilutions employed. The 
recognition of the acid forms was made easy by the presence 
of litmus in the media, but the separation of the non-acid 
forms was a matter of judgment assisted by the isolation | 
type colonies in some cases. . 

Graphical representation.—Graph VII shows the chang 
in the germ content of Cheese 4.6 VIII and brings out clearly 
the relatively small numbers present. In this particular it is 
in strong contrast to Cheese 4.6 VII. 
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CHEESE 4.6 IX. 


We now attempted to carry out upon a normal cheese obser- 
yations regarding the changes in the flora on the first two days 
similar to those which had been made on Cheese 4.6 VIIT. 
Through the kindness of Mr. G. Merry the work was done at 
his factory at Verona, N. Y., on June 23, 1906. 

The samples of milk, whey and curd were obtained from a 
large vat of milk undergoing the normal process of manufac- 
ture of home-trade cheddar. One of the cheeses produced from 
this vat, after being in the press only a few hours, was brought 
to our own dairy and there pressed until the following day. 
It was then dipped in hot paraffin and placed in our curing 
room at 60° F. (158.5° C.). ; 
_ Fourteen samples were analyzed, covering a period of 98 
days. The cheese at the end of that time was of good flavor 
but somewhat over-ripened. 

Qualitative results.—Ten representative cultures were se- 
lected and classified on tlte cards as shown in Table XVITT. 


TaBLE XVIII.—Germs Founp IN CHEESE 4.6 IX. 


Age of cheese in days 


Group number Type name (Conn) , 
38 
Milk | Whey | Curd | days | days 
et 22200 | M. lactis albidus..:.. 0... csc c eee ence cstuevees + Ses (Pk Ih eared Lace ae 
8. TE UN MRS ER TUTICHS fo eos ves So maggie nc Deal od «Dea pw eieuilc oe bee So a ee ne May ies 
“M. —-:212..33300 | Galactococcus versicolor. ...........cceeeeeeeeees a ede rs ee ads ieee tee 
IRE St a es en ee een SENILER cae 
eee 22200 | Bact. lactis brevis... <2. <.-. cece cccsceecnceveccctsccesclocvece eee er cage Teens 
Bact, 222:11100 | Bact. lactis aerogenes........0.0.cccececeeterees 2 aiai aarabes eed ae eve alae toca oar 
Mee 22. 22200 | Bact. lactis Ocidilt.... 0... ecw ee ee ew cee eee ee + Bie ae Wes eee AA Pe ee 
ESD EST | en i. in neh Dre Te ae eee Fore) + 


Quantitative results.—The total germ content was taken 
from plates upon medium 2.22 and this count was subdivided 
Into the typical acid type and the inert organisms. The lique- 
fiers were determined on medium 2.02 and plates were made 
With medium 2.31 for yeasts but with a single exception none 
were found. This failure to appear on these plates was prob- 
ably not due to the use of excessive amounts of acid since in 
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a number of instances bacterial colonies in considerable num- 
bers developed on these plates. 
tions is given in Table XIX. 


A summary of these observa- 


TABLE XIX.—GeERM CONTENT OF CHEESE 4.6 IX. 


Age 
Sample of . 
taken cheese 
June 23 | Milk, 9a.m..... 
“93 | Milk, 10.10 a. u.| 
“ 23 | Whey, 12.15 P. M.| 
“23 | Curd, 1.45 p.m. .| 
“« - 23 | Curd, 3.30 P. M. . 
8 DAM tery day : 
“ a7 4 “ 
July 11-43" 
SUS al ep 
“ 95 ae “ 
AGG. UO eae mer see 
Sentero ss Sd | Aes 


Total 
germ 
content 


Per cc 


9 200 ,000 
| 11'520;000 


28 ,800 ,000 
33,600,000 
Per gram 
4,100 ,000 
19 ,400 ,000 
6,900 ,000 
7,200 ‘000 
12 "900 "000 
bls "400 ,000 
6200000 
6-900 ,000 
1,300 ,000 


Liquefiers 


Per cc 
7,820,000 


4,040 000 
Per gram 
250 ,000 


Yeasts 


a 9) plete sate 


Lactic 
acid 
bacteria. © 


Per cc 
1,145 ,800 
16,358 ,400 
27 ,410 ,000 
Per gram 
3,496 ,000 
19 ,225 ,600 
6,838 ,500 
7,163,900 
12,772,100 
50 ,979 ,000 
6,200 ,000 
6,900 ,000 
1,300 ,000 


Gas 
producers 
aS 


Per ce 
93 ,700 
576,000 
1,344,000 


eT 


CC ed 


Tnert 


Per gram 


eee wee tee 
we eee te ene 
see ee ene 
tee eee ee 


sate tees 


Ce ee ce | 


ee 


The early changes in the flora as noted. here are similar to 
those found in Cheese 4.6 VIII. 
from the mixed milk as furnished by the farmers and showed 

over 9 millions per cc. 
starter was added. The second sample was taken after the 
milk had been gradually warmed to 86° F. (80° C.) and the 
Marschall test set at 4 spaces. 


The first sample was taken 


Owing to the ripeness of the milk no 


This warming had so stimu- 


TaBLE XX.—Bacreria oF GIVEN 


Age*of material ; 

Type name (Conn.) Group number No. 
Curd in } Curd in a 

Milk Milk-ripe Whey vat  |press,2 hrs} 

Per ce. Per ce. Per ce. | Per gram| Per gram | 
M. lactis varians........|M. 221.22205| 140,000 86,400} 201,000 000). oe Pf 
M. lactis citreus B...... M. 212.33305| 46,900; 144,000; 336,000} 32,000 38,000} 2 
Bact. lactis acidi........ Bact. 222.22300| 187,000 576,000} 1,000,000 80 ,000 194,000| 3 
Galactococcus versicolor. .| Str. 212.33300| 93,700 201,000} 470,000} 40,000| 776,000 4 
Bact. lactis aerogenes....| Bact. 222.11100} 93,000; 576,000) 1,300,000| 80,000 19,400 5 
Bact. lactes brevis. ...... Bact. 227.22200| 90,000) 432° ,000' 336,000) 24,000 38,000 6 
M. lactis albidus........ M. 211.22200)7 ,590 ,000/ 11 ,001 *600 3,503,000} 207,000; 117,000 7 
Streptococcus lacticus....|Str.  212.22200} 281,000) 1, 400, ,000; 2,300,000) 300 "000 1,940,000, 8 
Bact. lactis acidi........ Bact. 222.22200| 864,800 149587400 25, ,110 000 3,196 ‘000 17 985, om ] 
PROLAL is eta oe ou wits Paw eee 9,200 ,000) 28 ,800 ,000 33 ,600 ,000|4, 100 000/19 ,400 i 0 

2 x 


ESB: aie 
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lated growth that there were nearly 29 millions of germs per 
ec. Two hours later when the curd had been cut, the tempera- 
ture raised to 100 F. (38 C.), the whey expelled and a large 
amount of acid developed, the whey contained 33 millions per 
ce. In this case the growth which had taken place in the 
whey had more than replaced the number which had been held 
back in the curd by the coagulation of the milk. As the volume 
of the whey is nine-tenths that of the original milk the num- 
ber of germs removed with it is exceedingly great. 

No scales being then at hand the two samples of curd taken 
at the factory were not weighed but estimated. This estimate 
was probably accurate within 25 per ct. The first sample of 
curd was taken shortly after the last of the whey had been re- 
moved and showed 4 millions per gram. The second sample, 
taken as the curd was being put to press had 19 millions per 
gram. The weighed sample taken at our laboratory when the 
cheese was 1 day old showed 7 millions per gram. This rapid 
shift in the numbers would create a suspicion that estimate of 
the weight of the curd sample was very inaccurate but for the 
fact that the changes here recorded in the germ content are in 
accord with those observed in Cheese 4.6 VIII. 

This cheese was unusual in that the maximum count of 50 

millions per gram was on the 23d day, the count meanwhile 
showing a steady increase from the low count at 1 day. After 


Types in Curse 4.6 IX. 


Age of cheese 


No. 

1 day 4 days 18 days 25 days 32 days 48 days 88 days 

Per gram Per gram Per gram Per gram Per gram Per gram Per gram 
<i aaa “MS el i AE St a DRS a | eat 
3 6,900 SNE ee and seis ach ak aches BGA AoE ky has Se endo a dai ebasw'ls -cxwieina ake 
4 206 ,000 87,000 PEARED SECRET cv Palecne sees ce uelsenuderennsolitecda hose se 
27,000 14,000 fea UC ee ANE ote cachet Bis diets sos wel eee ses ohed 
a ORs bare 2 MME Meet es etn Ss Pea a sebinacee SEC oa ae aie 
|| @ 34,000 21,700 5,000 16,000 8 S00} |iceteus Bharat eore'| ob sepa eae eens 
| 8 830 ,000 720,000 1,289 ,000 4,570 ,000 616 ,000 690 ,000 126,000 
9 6,008,500 | 6,443,900 | 11,483,100 46,909,000 | 5,584,000 | 5,210,000 1,174,000 


ee? oh ee 
10 6,900 ,000 7,200 ,000 12,900 ,000 51,400,000 | 6,200,000 6,900 ,000 | 1,300 ,000 
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23 days the count steadily decreased until at 88 days it was 
only 1.3 millions per gram. At this time the cheese was over- 
ripened. 

The liquefiers were unusually abundant in the milk at both 
examinations but by the time the cheese went to press they con- 
stituted less than 1 per ct. of the total flora. Yeasts were 
not found except in one sample of the curd in the vat. ‘ 
_ The numbers of the various types of organisms found at 

each examination is given in Table XX. 

For some days preceding the making of this cheese gas 
formation in the vats had been of daily occurrence. In this. 
cheese, while but few gas holes appeared, the formation of acid 
was considerably retarded. Bact. lactis aerogenes was the 
only gas-forming organism isolated. This form was abundant 
in the milk and whey but did not thrive in the curd and cheese. 

Liquefiers, especially MW. lactis albidus, were unusually abun- 
dant in the milk, making up the larger part of the germ con- 
tent at the first sample. They were rapidly surpassed by the 
lactic forms and did not appear to increase in the curd or the 
cheese. After 25 days all of the germs found were representa- 
tives of the lactic group. Unfortunately we did not obtain 
the commercial score of this cheese but it ripened fairly slowly. 
There is no evidence that the large number of M. lactis albidus 
present in the milk hastened the ripening of the cheese. 

Graphical representation—Graph VIII shows the changes. 
which were noted in the germ content of Cheese 4.6 IX between 
the first and the 89th day. This cheese is unusual in that it 
had a large germ content on the 25th day. | 
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GrapH VIII.—GeEermM ConTENT oF CHEESE 4.6 IX. 


CHEESE 4.6 X. 


This cheese was studied with a view to repeating the obser- 
vations on the early changes in the flora and was made by Mr. 
Smith from the milk of our own herd on July 9, 1906. The 
Milk was not of the first quality for the same reasons given 
under Cheese 4.6 VIII and some evidence of gas formation 
‘appeared early but did not become sufficiently pronounced to 
Show in the curd. For the reasons already explained the re- 
Sulling cheese was of the export rather than the home-trade 
Type, and while it cured satisfactorily did not attain its best 
physical texture until at the end of 8 months. 
The cheese was dipped in paraffin when taken from the press 
and was cured at 60° F. (15.5° C.). Sixteen samples were 
Taken covering a period of 72 days. 
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Qualitative results——HEighteen cultures were isolated as 
representative of the flora and the results of their classifica- 


tion on the card is shown in Table XXI. 


TABLE XXI.—GeErRmMs FouNnD IN CHEESE 4.6 ». 


Age of cheese in days 


Group number Type name (Conn) 


Milk | Whey| Curd | 1 | 4 | 7 | 12] 19 | 28 


M. 211.23200 | M. lactis albidus............. | cc cis | o'er sin | eyeratenl eretepell lols geet ha 
Str. 212.22200 | Streptococcus lacticus........|......|..00- + 4/5. ae | epee “ 

M. OM 22200 aM. idchiscalbidie MeN tee Geet cages |e ninwies + Peo ae. a eee 
Bact. 212.33300 | Bact. lactis viscosum.......... ++ Hh | sroiie oie: fhe 'a'ecp- |e. enone punscetel tee ia! eee 
Bact. 222.11100 | Bact. lactis aerogenes......... Saks ie (ie ke eel IE EN Ga romisiGksea cho.) 
BRC. .222-22200' | “Bact, lackee: Geil si«a scvasa pice ome lepebiow ae eee +s beater, onli steanatl eames + [+++ 

B. 222.11100 | B. coli aerogenes...........+. S oie PPE rae ee SMI ect No 


All of the germs found in this cheese had been found in 
some of the previous cheeses. ae 

Quantitative results.—The total germ content was obtained 
from plates upon medium 2.22. The division into the lactie 
acid, gas-producing and inert group was made upon this 
medium. The liquefiers were determined on medium 2.02 and 
the yeasts on 2.31. The results from these observations are 
given in Table XXII. : 


TABLE XXII.—GeRM ConTENT OF CHEESE 4.6 X. 


Age 
of 
cheese 


Milk, 9, a.M..... 
Whey, 10.30 a, m. 
Whey, 12m... 


Curd, 2.00 p.m. . 
Curd, 4.00 p. Mm. . 
5 hours in press. . 


8 hours in press. 


. 


19 hours in press. 


@eeocee 


Total 
germ 
content 


Per ce. 
46,800 ,000 
23 ,100 ,000 
42 ,900 ,000 
Per gram 
16 ,400 ,000 
94,500 ,000 
26,600 ,000 
102 ,300 ,000 
177 ,900 ,000 
35,100 ,000 
29 ,300 ,000 
46,100,000 
25 ,500 ,000 

1,800,000 


Liquefiers 


Yeasts 


Lactic 
acid 
bacteria 


Gas 
producers 


—_—————q— | oe~— | qqqej |) meoe |uum— 


soe eter ewe 
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Perce . 
33 ,660 ,000 
20 ,587 ,000 
34,691,000 
Per gram 


94480000 


26,580,000 | 


102'294'500 


177878000 | 


35 087,000 
29/300 000 
46 098/000 
25/473 000 


, 6,364,000 
' Per gram 
12,695,000 | 


401 ,000 


Per gram _ | 
100,000 
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The milk for this cheese when mixed in the vat contained 
over 46 million germs per cc.- Seventy-two per ct. were lactic 
acid, 15 per ct. gas producers and 13 per ct. were inert forms. 
The liquefiers were very scarce in all of the samples. No yeasts 
developed on any of the plates. 

Immediately after coagulation of the milk the whey con- 
tained only 28 million germs per cc. but when the whey was 
drawn, ninety minutes later, the germ content had increased 
to 43 millions per cc. The curd in the vat at 2 p. m. contained 
16 millions per gram and two hours later, after being salted 
and laying one hour in press the number had increased to 94 
millions per gram. Five hours later the number of germs 
was determined at 26 millions and plates made after a further 
interval of two hours showed 105 millions per gram. The maxi- 
mum germ content of 178 millions per gram was obtained after 
the cheese had been 19 hours in press. 

The wide and rapid variations observed in the germ content 
of the whey and the curd deserve an explanation. While the 
preparation of a correct sample of the fresh curd is difficult 
it is easy to get a representative one in the case of the whey; 
yet the fluctuation in germ content is almost equally pro- 
nounced in both. While our. data are restricted to preliminary 
observations on three cheeses the fluctuations in germ content 
seem to stand in a general relation to the stages of manufac- 
ture. On this account we are inclined to the belief that these 
Variations in our results are not due to faulty technique, as 
we at first supposed, but are due to changes in temperature 
and in physical and chemical environment during the process 
of manufacture. 

The first evidences of gas formation appeared during the 
first two hours after the manufacture began and coincident 
with this Bact. 222.11100 (Bact. lactis aerogenes) was found 
in the milk. The vat of milk had received an addition of 
Soured milk as a starter and the gas formation did not become 
pronounced. Among the forms presenti which did not form 
appreciable amounts of either acid or enzym, Bact. 212.33300 
(Bact. lactis viscosum) was by far the most numerous. 
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Taste XXIII. —BactTERIA OF Given 


Age of material. 3 
Type name (Conn) Group number |-- : No. 
ss _ Milk Whey Whey Curd Curd i 
ea 9.00 a.m. | 10.30 a.m. | 12 pm. | 2.00 pw. | 4.00 p.m. 
+5 Per ce. Per ce: Perce. | Per gram | Per gram 
Blcolt aerogenes...... BR. 222.11100} 340,000 32,000 24 ,000 L000]. oeenaeaee st 
Bact. lactis viscosum...| Bact. 212.33300| 6,400,000); 724,000} 1,830,000)  100,000|.......... 2 
M. lactis albidus C....| M. DVIS 200) cook he RRS owe sce sete taco alee eae oe enc 1,000} 3 
Bact. lactis aerogenes. .| Bact. 222.11100} 6,400,000) 1,740,000} 6,340,000; 400,000|.......... . 
M. lactis albidus......| M. 220 BoA hae ees 17,000 15 ,000 14,000 20 ,000 
Streptococcus lacticus..| Str. 212.22200| 1,000,000} 500,000} 1,000,000} 3,190,000) 4,000,000} 6 
Bact. lactis acidi...... Bact. 222.22200/32 ,660 ,000| 20,087 ,000/33 ,691 ,000) 12 ,695 000/90, 479, 000 7 
Matas cher cl se ee ae es 46 ,800 000) 23 , 100 ,000|42 ,900 ,000} 16 ,400 ,000 94,500,000 8 
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The numbers of the various types of germs found at each 
examination are given in Table XXIII. 


All of these types of germs have been found in one or more. 
of the previous cheeses. 


Graphical representation.—Graph IX (page 1 76) brings on 
the extremely high germ content during the first day. 


This cheese is conspicuous in the 
absence of any other than the lactic acid type of ae after 
the curd was put to press. 


The | 


decrease in the germ content was unusually rapid so that after 
19 days the number present was very much below the average 
of the cheeses studied. 


COMBINED FLORA OF THE NINE CHEESES. 


QUANTIFATIVE SUMMARY. 


4 


se ec 


te 


For the reasons already given quantitative results on the 
germ content of the milk and whey are available for only three 


cheeses, the study of the germ’content of the other cheeses be 


ginning after two to eight days. 
At the time of beginning the process of manufacture the 


germ content of the milk for Cheeses 4.6 VIII, [IX and X was ) 
9, 9, and 47 millions per cc. respectively. From the time the 
milk is put into the vat until the cheese is ready for. the press 
a temperature favorable to germ life is maintained. During 
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TYPES IN CHEESE 4.6 X. 


Age of cheese 


No. = Fas pce 

5 hoursin | 8 hoursin j 19 hours in 

press press press 1 day 4 days 7 days 12 days 19 days 

Per gram | Per gram | Per gram Per gram | Pergram | Pergram | Per gram | Per gram 
| is aso BeE Aap ASA Se Cee sage onl A ee enn Me ecactene | WRT Have ne rere 
2 Cyne tw Baek oh ad Geeta SS ang LSS AR Oe ee ee ae ee Se oe eB ane ae 
EE OES ESE Sa el Rg [7 Oe eae (OP 4 ne een en 
A eee ae 20 ,000 OF O00 abel. 2. eel. ZEPO00M. ras = 
| 5,500 2,000 APOOGI dia eee ats 2,000 3,000 1,000 
6 2,000,000} 6,000,000} 7,000,000} 3,000,000; 2,500,000) 2,000,000} 2,000,000] ......... 
7 |24,580,000| 96,294, 500|170 ,878 ,000} 32,087,000] 26,800,000) 44,098,000} 23 ,473 000) 1,799,000 
8 26,600,000) 102,300 000/177 ,900 ,000| 35,100,000} 29,300,000) 46,100,000} 25,500,000) 1,800,000 
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the first hour the germ content rose in the milk for Cheese 
4.6 VIII to 16 millions and in that for IX to 29 millions per ce. 

The addition of rennet separates the milk into whey and 
curd. In Cheese 4.6 VIII while the milk contained 16 mil- 
lions per cc. when the rennet was added, the whey showed 
only 10 millions per cc. after the lapse of two hours. In 
Cheese 4.6 IX two hours after adding the rennet the germ 
content of the whey was 5 millions per cc. higher than that 
observed in the milk. In Cheese 4.6 X when the curd was first 
cut the whey contained 26 millions per cc. less than were found 
‘in the milk one and one-half hour previous. Within the fol- 
lowing hour and a half the whey increased 20 millions per ce. 
leaving it only 4 millions lower in germ content than the origi- 
nal milk. It would seem a fair deduction from these data 
that in the process of coagulation a large proportion of the 
germs in the milk are caught in the curd, but that the favor- 
able growth conditions in the whey leads to a rapid multiplica- 
tion in that fluid. : 

In studying the flora of the curd the gram is taken as the 
unit of measurement. At first the specific gravity of the curd 
does not differ markedly from that of the whey but with the 
continued expulsion of the moisture it increases to about 1.5. 
Exact data on these changes are lacking. In order to make 
comparisons of the quantitative results in milk, whey and curd, 
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the numbers per gram found in the curd should be multiplied. 
by a factor not larger than one and one-half. Our data in- 
dicate that as the whey is expelled from the coagulated mass- 
it does not contain its volumetric proportion of the germs pre- 
viously found in the milk. Unfortunately we have no obser- 
vations on the germ content of the freshly coagulated curd but 
observations made upon the ripened curd just previous to 
adding the salt indicated that it then had a smaller germ con- 
tent than an equal volume of the milk from which it was made. 
This apparent decrease in the germ life in both the whey and 
the curd.in the presence of what are believed to be highly favor- 
able conditions for its development awaits a satisfactory expla- 
nation. There is also evidence for the belief that the salt ap- 
plied at the next step in the process of manufacture markedly 
reduces the germ content of the curd. Whether it acts as a 
germicide or mechanically, by removing the germs along with 
the moisture which leaves the curd by osmosis, is not determined. 
The mechanical difficulties of a bacterial analysis of the fresh 
curd are great and some of the observed variations may be at: 
tributed to this cause. This portion of the cheese-making pro- 
cess deserves a more extended study than it has yet received. 
In different cheeses the rate of increase, the maximum germ’ 
content and the age at which it is attained, as well as the rate 
of decline after this point, vary greatly. The causes of these 
variations are only partly understood. Harrison and Connell** 
have shown that the temperature has an important influence, 
the work of Marshall?® places emphasis on the associative 
action of the different members of the flora, while current be- 
lief among the cheese makers lays great stress upon the mois- 
ture content. All of the cheeses except Cheese 4.6 II were 
cured at 60° F. (15.5° C.) but with the exception of Cheeses 


“Harrison, F. C. and Connell, W. T. A comparison of the bacterial’ 
content of cheese cured at different temperatures. Rev. gen. du Lait., 3:80-85, 
103-111, 126-137, 150-155, 173-180. 1904. 

*Marshall, C. E. A preliminary note on the associative action of | 
bacteria in the souring of milk. Cent. Bakt., II Abt., 11: 739-744. 1903. 
Also, Additional work upon the associative action of bacteria in the souring of 
milk Cent. Bakt., II Abt., 12: 593-597. 1904. 
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4.6 VIII, IX and X the forms which were present in the 
milk are unknown and the moisture content was not de- 
termined. , a 

In Cheeses 4.6 I to VII the first sample was taken when the | 
cheese arrived at an age varying from two to eight days. In 
five of these six samples the germ content was the highest re-— 
corded for the particular cheese. However it is improbable 
that this really was the maximum content attained in each 
case since two of the three cheeses which were studied during © 
their manufacture attained their maximum within the first 
twenty-four hours. ) 

The maximum recorded germ content for each cheese with — 
the age at which it was observed is given in Table XXIV. 


Taspte XXIV.—MaximumM OBSERVED GERM CONTENT IN CHEESES. 


Age Bacteria 


Number of cheese of per 

cheese gram 
Days 
A.6 BOTT JR, MAS 2 EE. THE 4 - 135,700,000 
7 sd Bae >, ome Wapnaeen goe TeP eC RD YA are 4 69 , 600 ,000 
BOG MEA Oa. lets sade 9S wi ake oot Rea eee 2 79,200 , 000 
AGRE VAG! A ONE AS LEI AE AL 10 37,100,000 
SE EES eee STREET agen qOUUR SE Ae 2 90,600 , 000 
MSN VAS Care chats gest Sale eM ere tae prt 8 106 , 300 , 000 
SGV VARES 5 TS MOAT TALS... OQ ae ie 1 26 , 800 , 000 
= Re BREE es rh SEE REINT Biya nh oe eT PN 25 51,000 ,000° 
slike ayia we Wl falety Mal nena re Rt Crete mts a 8 1 177,900,000 
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It is interesting to observe that the lowest recorded maxi- 
mum, 27 millions in Cheese 4.6 VIII, and the highest, 178 mil- 
lions per gram in Cheese 4.6 X, are in the two cheeses made— 
in our own dairy from the milk of our own herd, having a 
very similar qualitative flora and ripening in a similar manner. 
The rate of ripening in these two cheeses was slightly dif- 
ferent, the one with the highest maximum germ content ripen- 
ing more slowly. The temperature to which Cheese 4.6 X was 
exposed while in the press was higher than in Cheese 4.6 VIII. 
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While as we have seen the changes in the germ content often 
differ widely in normal cheese, an average of all these obser- 


vations has some value and is given in Table XXV. 


TaBLE XXV.—SHOWING THE AVERAGE GERM CONTENT OF ALL THE CHEESE 


EXAMINED AT GIVEN INTERVALS OF TIME. 


Age Average No. of Age Average No. of 
of of germs of of germs 
cheese per gram cheese per gram 

Ee... a 4 cheeses 6,601 ,000 40 days.:... 10 cheeses.... 17,100,000 
5 hours. . 10 ,585 ,000 3) ag See LO Se. 10 ,200 ,000 
PORY:. .6:5c ic. eis 30 ,000 ,C00 COniren yeeros ay 5,555 ,000 
PRGANS..... 2... Giga: 33 ,000 000 NOPE e aaeA, * 4,625 ,000: 
eae oh aks 33 , 333 ,000 SUL eee 4,666,000 
bee! ies). eek 51,333 ,000 OOS ee aay, + 4,000 ,006 
i at an Gay, 48 555 ,000 100% cone: . 2,625 ,000 
le 10s * 40 ,7C0 ,000 Ot eee a 1,550 ,000 
) 1 Se ee 24 000 ,000 UDO eae) wee ct i. 1,050 ,000 
ime bode... 10h 20 ,000 ,000 1S0ge es csarss a 1,019 ,000 
a Game 22 ,000 ,000 TAGES ae 7 1,000 ,000 
Se 10 eee 18 ,600 ,0C0 THOS oes. o. 500 ,000 


In tibuting this table there were included not only the 
results from the nine cheeses previously given but also 
those from an additional cheese which was made in our own 
dairy and studied during the process of manufacture. AS 
the actual analyses were not always made at the exact inter- 
‘vals given in this table it was sometimes necessary to compute 
the germ content at such dates from the graph of the parti- 
cular cheese. In view of the wide variation in the individual 
cheeses this average must be considered merely as a schematic 
‘representation. 

Graphical representation—The numerical data given in 
Table XXV are shown in a different way in Graph X. This 
is on the same scale as those previously given; viz.: The ordi- 
nate is given in millions per gram while the abscissa is in days, 
the space allotted to 1 million germs being equal to that repre- 
senting 1 day. The number of cheeses is so small and the dif- 
ferences among them so marked that the graph is not smooth, 
the rise shown at 25 days being due to the late appearance of 
the maximum number in Cheese 4.6 IX at that age. 
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On the same graph is shown the average of the commercial 
scores of 6 of the cheeses. Here again the secondary rise shown 
at 80 days is due to the tardy ripening of Cheese 4.6 V. This 
graph brings out sharply the fact, observed in connection with 
each individual cheese, that there is a very considerable germ 
content in the cheese at the time when the latter has become 
commercially ripe. 

For the sake of comparison the quantitative results on six 
cheeses as given by Russell & Weinzirl*® are shown in Graph 
XI. The temperature of ripening in these two sets of cheeses 
was not the same and the observed numbers are higher in 
the second set but the outline of the graph in the two cases” 
is very similar. Accordingly, these two graphs may be taken 
as fairly representing the average changes in germ content in 
normal cheddar cheese; but at the same time the fact must not 
be lost sight of that in. the individual normal cheese the germ 
content may depart widely from this average. This is shown 
in Cheese 4.6 [X which showed a maximum content at twenty- 
five days instead of at four days as shown by the composite 
graphs. | 

A graph based’ on results from three Canadian cheddar 
‘cheeses was published by Harrison.27 This curve reached a 
maximum of 450 millions per gram at 3 days and then promptly 
fell to less than 1 million at 57 days. Except for its amplitude 
this curve closely resembled the two which are here given. 


QUALITATIVE SUMMARY. 


Germs found.—When we remember that the milk from whick 
the cheese is made receives substantial additions to its flora 
from the soil, the barn and the milking utensils it is natural 
to expect that the cheese will contain an extensive mixture of 
different forms. Notwithstanding the effort which was made 
to find the representatives of all the different forms present, 

®See note 13. 


_ "Harrison, F. C. The ripening of cheese and the role of microérganisms 
in the process. Trans. of the Canadian Institute 7: 103-134. 1901. 
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the tutal number of distinct groups found in, the nine cheeses 
which have been studied is surprisingly small. Over three 
hundred cultures were isolated from these cheeses, these se- 


lections being intended to include all differences in colony 


growth. These pure cultures were then studied both morpho- 
logically and culturally and in the course of this study many 
of the duplicates were discarded. The remaining one hundred 
sixty-seven cultures were studied in great detail and classified 
according to both the system of the Society of American Bac- 
teriologists and that of Conn. All of the cultures thus 
studied are included in 33 groups, each characterized by a 
group number, or in 22 types. 

While a long list of additional forms will undoubtedly be 
recognized in future studies of this field it is believed that this 


list of 383 groups includes those which will be most commonly 


found in normal cheddar cheese in New York State. The 
group number of these forms, their type name according to 
Conn and the number of the cheese from which they were 
isolated are given in Table XXVI. The period during which 
each fotm persisted in the cheese is also shown. ‘This deter- 
mination has been made in two slightly different ways and the 


results from each are given. The age of the cheese at the isola- 


tion of the culture whose group number was determined is 
indicated by + . In some cases the duplicate cultures men- 
tioned above were isolated later in the history of the cheese 


_ than the one whose group number is positively known. In 


Such cases the date of isolation of the duplicate culture is 
marked by 0. We have every reason to think that the results 
expressed in Table XX VI by O are reliable while those shown 
by + are established beyond question. 

It will be observed from this table that of the first 11 forms 


| Six are not recorded after the first day and the remaining five not 


after the second day. With a single exception each of these 
forms was found in but one of the nine cheeses. Under these 
circumstances it seems proper to consider these eleven groups 
as merely accidental members of the cheese flora, unsuited by 


oe 
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nature to thrive in and exert an influence upon the ripening 
cheese. 

Of the remaining eroups eleven were found in but : a single 
cheese but they persisted there a sufficient length of time to- 
suggest that they might reasonably be included in the flora of 
typical cheddar cheese. Their infrequency of occurrence how- 
ever makes it plain that they are not eles necessary to— 
the progress of normal ripening. : 

Accordingly it is among the fourteen remaining groups that 
we must look for the portion of the cheese flora which exerts 
a marked influence upon the normal ripening processes. The 
important part played by the lactic organisms in the manu- 
facture and early history of the cheddar cheese has been dis- 
cussed at length in Bulletin 257. 
_ The type Bact. lactis acidi makes up 99 per ct. or more of the 
flora of normal cheddar cheese in practically all cases. The 
representatives of this type differ in their relation to air and 
in their ability to attack saccharose so that they are found 
under four different group numbers. As will be shown later 
they differ in a number of other particulars. Str. lacticus, 
which includes two different group numbers, is occasionally 
found in much smaller numbers. These groups apparently 
agree with the corresponding groups of Bact. lactis acidi in 
every thing except morphology. The position taken by Conn, 
that there is a distinct morphological basis for the separation 
of the cocci from the rod forms, appears to be well taken. 
Both the morphology and the physiology of these groups is 
easily influenced by their environment and it is especially im 
portant that the cultures be brought to a vigorous condition 
before being subjected to detailed study. q 

The acid liquefiers which are considered so important by 
Gorrini are represented by J. lactis albidus (2 groups), M. : 
lactis giganteus, M. lactis varians (4 groups), and M. lactis 
brevis. M. lactis albidus and M. lactis brevis occurred suf-_ 
ficiently often to suggest that they might play some part in 
the ripening changes. Representatives of this group were 
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found in all but Cheese 4.6 VIII. These forms grew well in 
the milk but made little headway in the cheese although they 
survived there better than the non-acid-producing forms. 
Their number as compared to the total germ content of the 
cheese, was relatively insignificant. 

The gas-producing forms, like the preceding group, find 
the best conditions for their development in the milk and make 
little or no growth in the cheese. B. coli aerogenes was found 
in the milk for Cheeses 4.6 VIII and X. In both cases it was” 
not found in the cheese after the first day. The isolated cul- 
tures were slow gas producers and did not displace more than 
one-third of the closed arm in the fermentation tube. 

Bact. lactis aerogenes was found in Cheeses 4.6 IV, VIII, Ix 
and X, in the last three in considerable numbers. In these 
cases evidence of gas was noted in the vat during the early 
stages of the making process. These forms are very resistant 
to the acidity in the milk and cheese but our data do not show 
that they multiply in the latter. . 

The inert group, characterized by a lack of-any apparent 
action upon milk, is represented by Galactococcus versicolor 
and Bact. lactis Connii. They are fairly numerous at times in 
the milk and fresh curd. They usually disappear quickly. 
There is no evidence that they increase in the cheese. — 

Very few specimens of yeasts have been found although an 
effort was made to prepare bee goat suitable to their 
habits of growth. 

Detailed description—A weakness of previous studies of 
this subject, with the possible exception of that of Conn, has 
been the fact that the organisms were not described in such 
a manner that succeeding workers could recognize them. Ac- 
cordingly each new student was compelled to study the flora 
anew and with little assistance from the previous work. Under 
such ciccumstances progress was necessarily slow. 

With the recent improvement in the manner of record i 
the reactions of the cultures and of arranging this record for 
comparison it is believed that this difficulty has been largely 
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overcome. Future students should be able to build upon the 
present foundation and a fairly complete knowledge of the 
cheese flora be made comparatively easy. 

The group number expresses the spore formation, relation 

to oxygen, liquefaction, fermentation of dextrose, lactose and 
saccharose, nitrate reduction and color. There are many other 
relations to their environment with regard to which cultures 
will differ. The individual cultures have been tested with re- 
gard to a considerable number of these and the results are 
given in Table XXVII. 
In this table the cultures are arranged in the numerical 
order of their group numbers. The type name according to 
Conn is given in all but a single case; Bact. 212.3397 did not 
seem to be included in the forms studied by him. 

In addition to the facts expressed in the group number the 

Observations upon the cultures in connection with 26 other 
items is recorded by + or —. The numerals at the left of 
these signs give the number of pure cultures found which were 
alike in these particulars. 
Of the 148 cultures which were thus studied the 33 groups 
fre subvividea into 93 variations or an average of less than 
two cultures to a variation. This illustrates on one hand the 
Variation which is constantly met in bacteria from cheese and 
on the other the hopelessness of attempting to classify cultures 
into divisions which should include only members which are 
identical. Were the list of reactions sufficiently extended it 
is doubtful if two cultures could be founé which would have 
an identical record. 

System of nomenclature.—Throughout this bulletin the cul- 
tures have been designated according to both the Society card 
and the system of Conn. This is not the place for an extended 
discussion of the relative suitability of the reactions chosen 
for separating the groups or the types in the two systems. 
_Any comprehensive study of that subject must be based upon 
‘an entirely different set of data from those accumulated in 
‘this work. On the other hand the simultaneous application of 
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these two systems throughout this study has provided a good 
basis for comparing their relative utility in connection with 
such research. 

There is practically no difference in the number of sub- 
cultures required to determine the group number or the type 
name. The group number may be obtained from data upon 
four different cultures (the new card calls for six) and in 
determining the type name seven cultures may be needed 
although a smaller number often suffices. For accurate re- 
sults these cultures should be made in triplicate. 

However there is a marked difference in the number of de- 
tailed observations upon these cultures required by the two 
systems, those called for in fixing the group number being less 
than one-half as numerous as those necessary in separating 
the types. In recording the observations and in arranging 
the results for rapid comparison the present Society card leaves 
little to be desired. 

In applying the classification of Conn it was observed that 
while there usually were uniform results different workers 
would sometimes include a culture under different types and 
even the same worker, on different days, would classify some 
cultures differently. Similar experiences have been noted by 
botanists when using a like system of classifying higher plants. 

With the Society card, the facts having been determined, 
the new cultures fell into their allotted places with mathema- 
tical precision. The classification permitted only a single in- 
terpretation and errors in judgment were well nigh impossible. 
Not only was the accuracy much increased but the time required 
both to do the classification and to detect the duplicates was 
markedly shortened. 

In the actual results of the classification by the two systems 
there is not a wide difference. The flora as determined is 
divided into 33 groups or 22 types. The classifications how- 
ever are not strictly parallel. Bact. 212.22300 includes a sec- 
tion of Bact. lactis acidi and also Bact. lactis acidi D. WHow- 
ever Conn considers Bact, lactis acidi D. as a variation of 
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Bact. lactis acidi rather than as a distinct type. Again Bact. 
212.33300 includes Bact. lactis Conii and Bact. lactis viscosum 
These two types are considered by Conn as differing mainly 
in viscosity and this item does not enter into the group num- 
ber but is recorded in the body of the Society card. In both of 
these cases it is possible that a determination of the nitrate re 
duction might remove the apparent conflict. 

On the other hand a type name according to Conn often 
includes germs answering to two or more group numbers. 
Thus WM. lactis varians includes M. 211.22205; M. 211.22215 and 
M. 221.22205; M. lactis albidus includes M. 211.23200, M. 211. 
22200 and M. 221.22200; Streptococcus lacticus includes Str. 
212.22200 and Str. 222.22200; Bact. lactis acidi includes Bact. 
212.22200, Bact. 222.22220 and Bact. 222.22320; M. lactis ai 
reus includes M. 212.22205 and M. 212.22305. An improvement 
in the details of the group number is desirable and will come, 
but even as it now stands the Society card system is a distinet 
advance over anything which has preceded it. 
CONCLUSIONS. : 

The system of recording the reactions of cultures as pro- 
posed by the Society of American Bacteriologists is a marked 
advance in technique. By its aid the shifts in the cheese flora 
can be followed with more accuracy than was previously pos- 
sible. The cultures isolated can readily be so characterized 
as to be recognized by succeeding workers. Each investigator 
can thus build upon what has been done and a satisfactory 
acquaintance with such of the flora as will grow on our culture 
media is possible at no very remote date. : 

The quantitative changes observed in nine normal cheeses, 
representing four commercial factories and our own dairy, 
agree closely with those previously found in Wisconsin and 
Canada. Emphasis should be laid upon the fact that first 
class cheeses vary widely both in their total germ content and 
in the age at which the maximum number of bacteria is found. 
A parallel study of the flora and of the commercial quality 
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brought out the fact that at the time the cheese was commer- 
cially ripe it ordinarily contained some millions of living bac- 
teria per gram. 

The qualitative study showed that the Bacterium lactis acidi 
of Leichmann is the only form which is constantly found in all 
of the cheddar cheese which has been studied. Representatives 
of this form are arranged under four different group numbers 
and it is highly probable that these groups mark distinct strains 
of Bacteriwm lactis acidi. 

The general group of acid-forming, liquefying organisms is 
represented at practically all times but in such small numbers 
as to suggest that the group exerts little influence upon the 
ripening changes. 

The rate of the ripening process seems to be independent of 
the number of germs present except that in certain cheeses 
a flora closely confined to acid-producing forms was coincident 
with a retarded rate of ripening. 

There is a lack of satisfactory evidence, either in the results 
from our studies or in those which have preceded them, that 
any of the forms thus far isolated play an important part in 
the later stages of the ripening of normal cheddar cheese. This 
does not preclude the possibility that such evidence may be later 
produced nor that important forms may be found which do not 
appear upon our present culture media. 
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TECHNICAL BULLETIN No. 9. 


A MYCOSPHERELLA WILT OF MELONS: 
J. G. GROSSENBACHER. 


SUMMARY. 


The muskmelons, in one of the Experiment Station green- 
houses, were much damaged during 1907-8 by an uncommon 
disease. The vines were parasitized by a fungus (Mycospherella) 
shortly before the earliest melons were ripe. The disease was 
preceded, in both instances, by the attacks of a red spider, though 
in 1908 the damage by the spiders was but slight. The fungus 
is reported as causing a disease of several cucurbits in the fields 
of some parts of Delaware, but had never been recorded for this 
State. Since the Delaware reports differed in some respects 
from the observations made at this Station in 1907, nothing 
was published till further information could be obtained on the 
points of difference. The observations were repeated and ex- 
tended in 1908. 

The pathogeneity of the fungus and the relation of its two 
Spore-forms are established. Inoculation experiments were 
effective, and, with but a few interesting exceptions, the spore- 
forms of the fungus always appeared successively on the inocu- 


lated vines. 


The disease will probably not become injurious to field melons 


| in western New York, though in greenhouses it may cause much 


trouble. 


‘The more or Jess meaningless name§ in plant disease literature, as designa- 


tions of both parasitic and non-parasitic diseases, have been the source. of 


| 


| 


| much annoyance to the writer, since the cause of a disease is not suggested by 


itsname. The plea for such terms as wilt, blight, leaf-spot, canker and rot, is 
that the laymen can more readily understand them, but since only a very small 


fraction of plant disease literature is read by them, it seems unfair to the 


pathologist to compel him to use such vague terminology on their account. 

his need seems to be felt by a number of plant pathologists, as evidenced 
by some generic-name and disease-character combinations in some experi- 
ment station bulletins and other places, but not enough prominence has been 


‘given to the matter. 


a 


The suggestion is therefore made that the genus name of the infesting para- 


| site be combined with some popular, descriptive term, as in this bulletin, or 
| with the word disease, e.g. Spheropsis canker of apple, Bacillus canker of 
| 


apple, Tilletia smut of wheat, Ustilago smut of wheat, Fusarium wilt of flax, 


| Bacillus wilt of cucurbits, Botrytis rot of lettuce, Sclerotinia rot of lettuce, 
and Thielavia root-rot of tobacco. Of course there are some popular names 
| Now in use, which are fairly distinctive and useful. The names of diseases 


caused by malnutrition and other physiological disorders may not so. readily 


be made more concise until their causes are ascertained. 


= 


INTRODUCTION. 


A striking disease of muskmelon (Cucumis Melo) made its 
appearance in one of the Station greenhouses devoted to melon 
culture during the summer of 1907. It was first noted by Mr. 
R. Wellington, Assistant Horticulturist, who was carrying on 
experiments in variety testing of muskmelons. Both the im- 
perfect and ascosporic forms of fungous fructifications were 
found on the diseased vines, and pure cultures of them were 
used for inoculating healthy plants. The fungus proved to be 
the cause of the disease, and the associated fruits were shown 
to belong to one and the same fungus. This work was finished 
and written up before some published accounts by Mr. F, D. 
Chester? and Mr. C. O. Smith,* seemingly on the same disease, 
were found. The publication of the bulletin was stopped, for 
the time being, because it did not agree in all particulars with 
the articles cited; re-examination seemed necessary. In mid- 
summer, 1908, the disease reappeared in the same greenhouse, 
thus affording an opportunity to test the former work. 

Plan of this bulletin.—After an examination of Chester’s and 
Smith’s articles relating to this disease, with frequent quota- 
tions from the parts most essential, they are briefly compared 
with each other. The writer’s observations and experiments of 
1907-8 are then recorded, followed by the comparison of results. 
An attempt is made to correct the nomenclature of the fungus 
causing Mycospherella wilt of melons. Finally, to clear up 
Mr. Smith’s last paragraph, an appendix is added on the rela- 
tion of the names of some cucurbit fungi. 


2 Del. Exp. Sta. 5th Ann. Rpt. pp. 75-9 (1893), Newark, Del.; also Bul. 
Torr. Bot. Club 18: 373-4 (1891), N. Y. Botanic Garden. 
3 Del. Exp. Sta. Bul. 70, (1905), Newark, Del. 
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RESUME OF CHESTER’S WORK* ON AN “ ANTHRAC- 
NOSE OF THE WATERMELON.” 


During the autumn of 1890, a diseased watermelon vine was 
sent Mr. F. D. Chester at the Delaware Experiment Station 
from some point in that state, and he describes it as follows: 
“Where the vine stalk was yet green, it was found to be covered 
with elongated dark patches and irregular areas; tendrils, buds 
and leaf stalks were invariably black and dead, the leaves were 
covered with black blotches marked in many cases, by more 
or less distinct eccentric rides.”’ He recognized ‘ pustules ” 
on the leaf-spots as fruits of a Phyllosticta. 

The vine was thrown upon a rubbish heap out of doors, where 
if was seemingly left until 1892 and then used again for in- 
oculation purposes; though from another place® it seems that 
the material, used for the inoculation in 1892, must have been 
collected in 1891, because the disease is said to have been un- 
commonly destructive during 1891.7 To quote: “ The disease 
attacks leaf, leaf stalk, stem, tendrils, fruit buds and blossoms.” 
The spots on the stems, which later become white in the center, 
are said not to cause any very serious damage. 

It is further stated that “the fungus causing the above 
trouble is a member of the genus Phyllosticta, although from 
the character of the sporules, which are sometimes uniseptate 
and hyaline, it is questionable whether it might not, following 
Saccardo, be classed as an Ascochyta.”®? The following descrip- 
tion and name are given: “ Phyllosticta citrullina, n. sp. Spots 
circular, irregular, black, concentrically ridged, becoming con- 
fluent. Pycnidia amphigenous, brown, immersed, scarcely 
erumpent, membranaceous, lenticular 75-131 pw, average of 
Many measurements 107 w x 67 mw. Sporules 9-10.7 w, average 
about 10 » x 3.5 p», generally continuous, sometimes uniseptate, 


* Del. Exp. Sta. 5th Ann. Rpt. pp. 75-9, (1893). 

mG, p. 75. 

* Blight of watermelon vines—Bul. Torr. Bot. Club 18: 373-4, (1891). 
ie DST 3, 

als @., Pp. 374. 
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straight, slightly curved, ends obtuse, often biguttulate, hyaline. 
On leaves and other parts of watermelon.”?° | 
As stated before, the water melon vine sent Mr. Chester in the! 
autumn of 1890 is presumably used to inoculate young water- 
melon plants in 1892, according to the article in the annual re- 
port previously cited, but it seems more plausible to assume 
that the material used was collected in 1891, as suggested by 
the prevalence of the disease during that season. At any rate, 
during the early part of 1892 young watermelon plants were 
inoculated with spores obtained from an old diseased vine. 
Spots appeared on the leaves and later Phyllosticta pycnidia. | 
_ A Mycospherella found.—Watermelon leaves, which had 
been preserved in press, were put into a moist chamber. In 
10-14 days pycnidia of the same Phyllosticta appeared on the 
leaf-spots, and among them, perithecia of a Mycospherella with 
spores measuring 14 x 5 7. : 
Mr. Chester studied the disease in the field during 1892. On 
some fresh, characteristically diseased plants, he found also a 
“pink anthracnose on the same spots.” The anthracnose is 
presumed to be Gleosporum lagenarwwm (Pass.) Sace. et- 
Roum.,'' and is said “to agree with No. 2448 b. in Ellis’ N. A. 
Fungi, which is there marked CO[olletotrichum] nena 
Pass. var. follicolum E. & FE.” : 
“To prove the relationship of the Colletotrichum to the dis 
ease under discussion, several young watermelon plants grow- 
ing in the field were on July 28 thoroughly atomized with water 
containing in suspension Colletotrichum spores taken from 
watermelon rind. On August 3 the plants began to show the 
characteristic appearance of the disease and in less than one 
week were entirely dead. The check unatomized plants re- 
mained perfectly healthy.’*? Similar inoculations: were re 
WAG DOA: 
A Chair lagenarium (Pass.) Sace. et Roum. is said to be ‘dential 
with C. oligochetum Cavara, given out as No. 99 in Briosi et Cavara’s Funghi 
Parassiti, and not No. 100, as stated by Mr. Chester in a foot note on p. 78, 
Del. Exp. Sta. 5th Ann. Rpt. and by Dr. Halsted on p. 350, N. J. Exp. Stas, 


Rpt. for 1893, New Brunswick, N. J. 
2 Del. Exp. Sta. 5th Ann. Rpt. p. 78. 
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peated on large watermelon plants in the field, using “ spores 
taken from the pinkish crust on watermelon rind. In two weeks 
many leaves showed characteristic spots, the vine stalk showed 
discolored zones here and there.” 

In order to obtain perithecia “numerous specimens of dis- 
eased rind ” were collected and put into a wintering cage, but 
the Colletotrichum remained unchanged, and no perithecia 
appeared. 


RESUME OF SMITH’S WORK® ON A “LEAF-SPOT ON 
CUCURBITS.” 


Mr. Smith notes the abundance of a “ leaf-spot” of cucurbits 
on the leaves and fruits of squash and pumpkin, and “to a 
limited extent on the leaves of cucumber and cantaloupe.” He 
thinks it identical with the watermelon leaf-spot disease caused 
by Phyllosticta citrullina Chester.t* “On the leaves of various 
cucurbits, there appeared a leaf-spot which was quite similar 
on the different species. This appeared as dead spots from 
0.5-1 inch (1-2 cm.) in diameter. . . . It is thought these 
spots may be associated with the melon anthracnose, Colleto- 
trichum lagenarium, but no conclusion can be drawn that the 
two are connected in any way. The disease is also found on 
the vine. Plate I, E.’* “The fungus on the stem forms a 
Whitish area which is darkened with blackish specks, the 
pycnidia, Plate I, E.”1° ‘The spores are hyaline, oblong or 
oblong-elliptical, uniseptate bodies . . . vary somewhat in 
Size and are not always septate and probably never all become 
so.”** In pure cultures they were found to be mostly continu- 


® Del. Exp. Sta. Bul. 70 (1905), Newark, Del. 

“¥F. D. Chester, Bul. Torr. Bot. Club 18: 373-4 (1891), also Del. Exp. 
Sta., 5th Ann. Rpt. pp. 75-9. 

» Del. Exp. Sta. Bul. 70, p. 4. 

® Reproduced in this Bul. as fig. E of Plate III. The negative was borrowed 
‘from Del. Exp. Sta., through the kindness of Dr. Mel. T. Cook, Mycologist 
at that station. 

Pl.c., p. 5. 
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ous in their early stages, and biguttulate to sparsely septate, 
later. ; ee 

Squash agar, potato agar, squash plugs and stems were used 
as culture media. ‘‘ When growing on plugs or stems of squash, 
the mycelium is whitish and floccose; but with age changes to 
a dark color. [Experience has shown that, on the rind, the pye 
nidia are formed most abundantly.’’’* 

“Seedlings of several varieties of squash, pumpkin, canta- 
loupe, watermelon and cucumber were inoculated with fresh 
spores during the winter and spring months. This was done 
not only with the fungus found growing on the individual host, 
but also cross inoculations were made on the other hosts of 
the cucurbits. The results were most satisfactory and con- 
clusive i. e. that all these several fungi were really one and 
would grow on any of the cucurbits used in the experimental 
work.”'? “The Ascochyta form of the fungus, grown from the 
ascosporic stage,-was found to cause the disease on cucurbits 
like the other Ascochyta grown from Ascochyta spores.”** 
“Also a species of Ascochyta, resembling the one studied, - 
erow[n| from an ascosporic or perfect stage, a species of 
Nphacrella, gave equally positive results in inoculation work.”** 

Mr. Smith expresses the view that since an Ascochyta differs 
from a Phyllosticta or Phoma only in its having septate spores, 
it may easily be mistaken for one of the continuous spored 
genera. He thinks it probable that Phyllostictu orbicularis Bi. 
& K.?? “may be the same fungus.” 

A Mycospherella associated with pycnidia.—A Mycosphe- 
rella was sometimes found associated with the Ascochyta on 
squash stems. ‘“ Attempts were made to germinate the ascos- 
pores . . . but only on one occasion were they seen to 
germinate. . . . Agar plates were poured, and these were 
inoculated at several points with a single perithecicum of the 
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Sphaerella stage. . . . This experiment was repeated per- 


haps a dozen times always with the same result. The perithecia 
of the Sphaerella stage are darker and more carbonaceous than 
the pycnidia of the Ascochyta stage, so there was no danger in 
confusing the two. The fruit produced by this inoculation was 
always examined and on one occasion the Sphaerella and As- 
cochyta stage were found in the same colony on the agar plate. 
In fact, at least, two of the Sphaerella perithecia were found.’’”? 

Smith’s article on the “ Leaf-spot on Cucurbits ” is closed with 
the following paragraph in small type: ‘ Sphaerella cucurbi- 
tacearum (Schw). This fungus has been described in Sac- 
cardo’s Sylloge under the genus Laestadia. At the close of his 
description he suggests in a doubtful manner that the spores 
are at length uniseptate. This I believe to be true and hence 
the species is a Sphaerella. This fungus seems to be much like 
one described by Fries as Sphaeria cucurbitacearum, but from 
his meagre description the identity is uncertain. I don’t think 
there is the least question, but that the perfect stage, or squash 
Sphaerella, is identical with Laestadia cucurbitacearum (Schw) 
and should be, named Sphaerella cucurbitacearum (Schw) 
although in my text I have been satisfied to call the fungus 
Sphaerella citrullina,’’** 


COMPARISON OF CHESTER’S AND SMITH’S WORK. 

Both Chester and Smith seem to give undue prominence to 
the leaf-spot Phyllosticta, though the fungus on the stem is 
noted by Chester as forming “elongated dark patches” and 
Smith says it “forms a whitish area which is darkened with 
blackish specks, the pycnidia.’ The Mycospherella-wilt fun- 
gus with its characteristic appearance and numerous fruiting 
bodies on the stem is given but secondary place by Smith and 
scarcely noticed at all by Chester. However, the latter’s view 
Seems to have changed during the progress of his work as shown 
by his change of names, first calling it, “ Wilt of watermelon 
Vines,” and then “ Anthracnose of the watermelon.” 


ml c., p. 9. 
= 1.¢,, p. 10. 
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Chester tried to show that his Phyllosticta is the same as a 


certain Colletotrichum; he succeeds in showing that the “ pink — 
anthracnose” is parasitic on cucurbits, but fails to connect it © 
with his Phyllosticta. Smith tried to connect his Ascochyta 
with Chester’s Phyllosticta citrullina but records only conjec- — 
tural evidence. The remarks by Chester on the relation of — 
several anthracnoses, and his Phyllosticta, and the work and — 
suggestions by Halsted,”° on the former, need not be considered — 
here, because no relation could be found between them and the : 


Mycospheerella-wilt fungus. 


The production of dead areas on leaves of a host, by pouring ~ 
water laden with spores of a stem parasite of the same host on 
them, is no proof that the fungus normally parasitizes the 
leaves.2° Especially is this true when the dead areas or 
spots produced fail to develop the fruits of the fungus used. é 
In cases where the inoculated plants are enclosed in moist 
chambers, the results are yet more unreliable. When aerial 
parts of a host are at all susceptible to a certain fungous para- 
site, it seems probable that, under such conditions, all aerial ‘ 
tissues of that host, which have no special structural protection, 
would be more or less attacked, unless the required aeration 
for the fungus were prevented by the excessive moisture. Smith : 
records no fruits on his artificially induced leaf spots; nor has Z 
the writer obtained pycnidia on leaves under any conditions, — 
though dead areas developed from moist chamber infections; see 


Pilate 'V. 


It seems that Chester either overlooked the fructifications of 4 
the Mycosphrella wilt on the vines, or it was not associated 
with his Phyllosticta leaf-spot, because he makes no mention of 
pycnidia or perithecia on vines; though, according to the 
writer’s observations, to be given later, that is a constant char-— 
acter of the disease, both in the greenhouse and in the field. It 


25. J. Exp. Stas. Rpt. (1893) pp. 347-56, New Brunswick, N. J. 


appears more probable that Chester found the two fungi on the 


_% Miss C. M. Gibson’s infection experiments with various rusts upholds 
such a view. Notes on infection experiments with various Uredineew. The 


New Phytologist 3: 184-191 (1904). 


same plants in Delaware, and that, since both are parasitic on 
the same host, they were confused with each other. Chester’s 
characterization of the disease, and his finding a Mycosphe- 
rella seem to indicate that he also had Smith’s fungus. From 
one of Smith’s sentences, quoted on page 200, it seems possible 
that he had two fungi of the same type; on that assumption 
Chester may have had the other Mycospherella. However, 
that suggestion is probably incorrect, though the quoted sentence 
is too ambiguous to be certain of its meaning. 

The relation of Smith’s ascosporic and pyenidial forms of the 
parasite is definitely shown, and sufficient scattered description 
of both is given, so that, with the aid of his photograph of a 
diseased squash stem (Plate III, fig. E. of this bulletin) and 
a large quantity of squash-stem material, obtained from the 
Delaware Station in 1907, (collected and labeled by ©. O. 
Smith) there is no doubt that Smith had the same fungus which 
is discussed in this publication, though his technical descrip- 
tion of the imperfect form should be discarded, because it is 
only an amended form of Chester’s description of Phyllosticta 
citrullina. As indicated before, Phyllosticta citrullina Chester 
Seems only an accidental associate of the Mycospherella-wilt 
fungus, and has never been found by the writer. 

- According to the evidence obtained, there is no reason to sup- 
pose that the Mycospherella-wilt fungus is at all related to 
_ Spherella (Lestadia) Cucurbitacearum (Schw) ? Cooke (see 
appendix), but it seems possible that Spheria Cucurbitacearum 
Fries may be a Phoma?** often found on the rind of squashes, 
etc. At any rate, spore measurements attached to that species 
by Saccardo,** and seemingly copied by Allescher,?® correspond 
very nearly to this Phoma, the spores of which measure 7-10 p, 
Whether or not this rind Phoma is a form of Cooke’s Sphe- 
rella (Lestadia) Cucurbitacearum can not be determined with- 
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*' Material of this type was obtained from the Mycologists at the Delaware 
Experiment Station, in 1907, which was collected and labeled Ascochyta, 
by C. O. Smith, Dec. 1903, at Newark. 

*6 Sylloge Fungorum, ITI, p. 148. 

*” Rbh. Kr.—Flora, Vol. I, pt. 6, p. 284. 
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out examining all authentic herbarium material (if there is 
any) in connection with extended field observation and cultiva- 
tion of the above Phoma. 


OBSERVATIONS ON HERBARIUM MATERIAL*® RE 
CEIVED FROM THE DELAWARE EXPERIMENT 
STATION, 1907. 


Squash vine material labeled Spherella had rather scattered 
perithecia, but of the same type and structure as those of the 
Mycospheerella-wilt fungus. The measurements were: peri- 
thecia 110-170 p, asci 45-55 x 7-10 mw, and spores 10-13 x 4 uy, 
Squash stem material marked ‘* Ascochyta citrullina” was 
found to contain mostly perithecia of the Mycospheerella-wilt 
fungus, but also some of the typical Diplodina pycnidia, with 
spores hyaline, 9-15 » long, uniseptate, more or less cylindrical 
and with or without constrictions at the septa. The Myco- 
spherella perithecium, ascus and spore characters were the 
same as those of the Mycospherella-wilt fungus. 

The cucurbit leaf specimens labeled “Ascochyta citrullina 
(Ches.) Smith” had pyenidia measuring 80-135 m3 the spores 
were elongate-ovoid, hyaline, continuous (about 3 per ct. being 
doubtfully septate) and measuring 7-9 x 3 mw. It seems a fairly 
typical Phyllosticta. 

There were also a few good specimens marked “ Colleto- 
trichum,” on leaf petioles of squash. The fruiting regions on 
these petioles were typical of that genus. The sete were 
very conspicuous and the spores of the required type. : 

A considerable quantity of material marked “Ascochyta on 
fruit of squash, collected by C. O. Smith, December 1903, 
Newark, Delaware,’ may be described as foilows: Pyenidia 
irregularly scattered on discolored rind or in concentric rings — 
on nearly unchanged and normally colored rind. Both types 
are covered by the unbent palisade-like layer of the squash- 
fruit epidermis; only the blackish ostiola bend and break 


30 Collected mostly by C. O. Smith, and lent by the Mycologists of the 
Delaware Exp. Sta. : 
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through it. They measure 90-150 » and are more or less de- 
pressed by the epidermis. The spores are oblong-ovoid, hyaline 
and mostly continuous, measuring 7-10 mw, the longest ones 
often being uniseptate.—Probably a Phoma as indicated before. 

These, together with the greenhouse and field observations, 
to be given later, seem to show that Chester’s Phyllosticta 
citrullina may be retained in the genus Phyillosticta, and that 
it at least should not be connected with Smith’s ** Ascochyta 
on squash stems.” However, nothing can be said about the 
real relation of Phyllosticta citrullina Ches. and Smith’s * As- 
cochyta ” on squash rind, except that according to the accepted 
scheme of classifying Deuteromycete they belong to different 
form genera, that on the rind being morphologically a Phoma. 

The material marked ‘“ Ascochyta on squash stems ” probably 
underwent some change after it was examined and labeled, since 
it had mostly perithecia of the Mycospherella-wilt fungus. 
Some of the writer’s observations also indicate that the pycnidia 
of this fungus may later change to perithecia by the develop- 
ment of asci from the interior of the basal portion of the fruit- 
ing body. In fact the mixture of these perithecia and pycnidia 
of the Mycospherella-wilt type, under the label Ascochyta by 
its own author, indicates, not only that Smith’s Ascochyta and 
Spherella are connected, but also, that he had the fungus 
under discussion in this bulletin. 


THE WRITER’S WORK OF 1907. 


As intimated in the introduction of this bulletin, the work, on 
this disease-producing fungus, had been completed and the dis- 
cussion put in type before any reference to it had been found 
elsewhere. The following is simply a scissors-and-paste report 
of the work of 1907; the present year’s (1908) re-examination 
of the disease and of the fungus causing it, is briefly given 
afterwards. 


DISEASE NOTICED. 


The muskmelon vines in the Station greenhouse had prac- 
tically reached their full growth before any trouble appeared. 
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Some of the first fruits were nearly ripe. The fungous disease 
was preceded by a rather severe attack of the red spider (Te- 
tranychus telarius) upon the foliage, to such an extent, in fact, 
as to kill many leaves. The spider was similarly troublesome 
in an adjoining greenhouse in which cucumbers (Cucumis sati- 
vus) were grown. The blotched and dying leaves of cucum- 
bers and melons first brought to the pathology laboratory by 
Mr. Wellington showed no traces of any fungous parasite. Yet 
the leaves continued turning yellow and dying in both ereen- 
houses. The leaf petioles of these leaves slowly turned yel- 
low and dried up, beginning at the dead leaf blade and gradu- 
ally proceeding toward the vine axis from which the leaf grew. 
The spider was combatted by using ordinary hydrant water 
applied to the infested parts of the plants with a hose. It with- 
stood that treatment but comparatively few days. 

But it seems the trouble had only just begun. After the 
ravages of the spider had been gotten somewhat under control 
there appeared a marked difference between the recovering 
abilities of the plants in the cucumber and melon houses. The 
former soon showed fresh green foliage again, and, with the ex- 
ception of the dead leaves, looked normal; while the latter 
seemed not to recover very rapidly. In fact, in a few cases, the 
dying petioles seemed to have a somewhat water-logged appear- 
ance at their junction with the vine. On a few nodes of this 
kind an oily-green colored region was evident from which a few 
drops of resin-colored gum had exuded. However as other 
things required attention at this time no more thought or time 
was given the melons till about a week later, when a few inter- 
nodes, which had the nodal regions rather thickly specked with 
light-brown to dark-brown fruiting bodies of some fungus, were 
brought to the laboratory. On the internodes beyond the fruit- 
ing zones, the oily-green, water-logged character of the vine was 
very conspicuous; and this, with the resin-colored drops of gum 
which had exuded from them, seemed evidence that the condi- 
tion of some nodes, as noted before, was the beginning of Us 
disease. 


Photo. by M. J. Dorsey 
Prats I.—A Diseased But Stitt Living MusSKMELON VINE. 


ives killed by red spiders; 2, diseased regions with dead cortical girdles having pycnidia, 
bordered by dying, oily green colored tissues. 


Photo. by M. J. Dorsey 
Puate I].—Pircrs oF VINE SHOWN IN Piate I, wirh Numerous Pycnipia (PY 


1,{Green, living portions; 2, regions with dead cortical tissues. 


Puate III. 


*ortion of muskmelon vine with both pyenidia and perithecia: 1, Green, living 
ortions; 2, dead, cortical regions, with pycnidia; 3, regions with perithecia. 

Photo. by M. J. Dorsey. 
liseased squash stems, showing black dots, the pycnidia of the fungus.” 


From Del. Ex. Sta. Bul. 70, Plate 1. 
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Puate IV. 


A.—Section of pycnidium on muskmelon, showing mycelium (myc.), epidert 
host (KE) and spores. 

B.—Section of a perithecium with immature asci. On muskmelon (cut slight 
the bias, walls are really a little thinner). 

C.—An ascus with spores, and the three types of spores. 

D.—Germinated and ungerminated pyenidiospores. 

E.—Photograph of section of muskmelon vine, showing isolation of fibrova 
bundles, and some fungous-hyphal masses. 


V.—Youne MuskMELoN Puant INocULATED, IN Moist CHAMBER, WITH PYCNID- 
IOSPORES BY POURING THEM ON THE LEAVES AND STEM. 


X, Affected regions; no fruiting bodies developed on the leaves. 


Photo. by F. E. Colb 
PuLatTe VI.—SuHortr Pinces or INOCULATED PUMPKIN VINES. 


A, Grafting wax still in place. 
B, wax removed from region 3: 1, wound through which mycelium entered hol! 
pith shown at 2; 4, dead portions of partially detached slivers, with perithecia. 
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INVESTIGATION OF DISEASE. 


General description of the disease-——The greenhouse was 
visited at once and a striking difference found between the 
appearance of the melon plants then, and that of a week previ- 
ous. Three or more plants were much wilted. Several of their 
lower nodes and some of their internodes were oily-green in 
color with or without gum exudation, while others had passed 
beyond that stage, having all the formerly oily-green regions 
turned either a dark and gummy or dry and grey color, de- 
pending upon the relative quantity of gum present and the ex- 
tent of the cortical and sub-epidermal mycelial development 
that had taken place during the earlier stages of the disease. 
Upon looking the plants over more carefully, it became very 
evident that a large percentage of them had some stage of the 
trouble at one or more of their nodal regions, more commonly 
on the lower nodes. Most of these infections were confined to 
small regions at the nodes, having seemingly originated in the 
axil of the leaf or in the crotch of a branch. AI] the smaller 
infections simply had the peculiar water-logged and oily-green 
condition; however, at those places where the disease had ex- 
tended some distance above and below the nodes, there were 
generally numerous drops of gum and pycnidia present, espe- 
cially on the lower nodal regions of the vine. See plates I and 
II. In no case was an infection found to have started on an 
internode, but always either in the axil of a leaf or crotch of a 
branch. All infections observed at branchless nodes occurred 
at those having leaves which had been affected more or less 
by the red spider. At branching nodes the infection took place 


nearly exclusively in the crotch and not from the leaf axil; 


in some cases of crotch infection the leaf was normal and 
healthy. 

Making pure cultures from diseased melon vines——An ex- 
tensive set of pure cultures was made from various regions of 
diseased muskmelon vines by taking bits of tissue under sterile 
conditions and transferring them to potato-agar tubes. All 
tubes containing tissue from the pith region remained sterile, 
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while those from the cortical region developed fungous my- 
celium in every case. 

Preliminary imoculations in the greenhouse.—There being 
still some unaffected plants in the greenhouse, a few of them 
were used for preliminary inoculations. Two of the healthy 
vines were inoculated at two points each, by cutting a bit of 
the cortical tissue loose and inserting bits of mycelium from — 
the potato-agar tubes, taking the usual precautions regarding 
sterile instruments. After sterilizing the scalpel carefully, 
two additional wounds were made. All were covered with 
grafting wax. Three days later both the inoculated vines were 
slightly wilted, and a week after the date of inoculation the in- 
fested vines had the characteristic appearance of the disease 
both above and below all four of the inoculated points; the usual 
oily-green, water-logged appearance of the affected regions 
farthest removed from the points of infection, and drops of 
gum on the nearer, darker colored parts. Next the wax, all the 
vines had an abundance of the vellowish brown to dark brown 
fruiting bodies. The checks, on a vine next the inoculated ones, 
had no trace of disease, and.upon removing the wax from one, 
it was seen that a normal callus had formed over the wound. 

The parasite may penetrate uninjured melon vines.—On 
August 2 a few inoculations were made in the greenhouse to 
test the penetration powers of the parasite. A healthy vine was 
selected and bits of mycelium from the formerly used set of 
pure cultures were placed on the uninjured surface of the main 
axis; three in crotches and one on an internode. August 8 the 
fungus had evidently penetrated at two of the inoculated points, 
for the usual water-logged appearance on both sides of the 
covering of grafting wax was present. About two weeks later 
(August 22) the disease had progressed some distance above 
and below the place of infection at both of the above noted 
cases, but the one at the node seemed to have penetratied deeper 
than that at the internode. The nodal infection looked darker 
and had the usual quantity of resin-like gum on its surface, 
while the one at the internode left the vine looking a little 
light-grey, with scarcely a trace of gum. But both had fruit- 
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ing bodies of the fungus, although the darker one had them 
standing much closer together. This test shows plainly that 
the fungus is able to penetrate the healthy uninjured surface 
of the muskmelon vine, and it also seems probable, from this 
experiment, that natural infection, occurring only at the nodes, 
is simply due to the fact that the spores were held at those 
points by drops of water sufficiently long for them to germinate 
and penetrate the tissue of the host, while the internodes 
afforded no such halting places for water. 

Inoculation of melon vines in the garden.—It seemed rather 
important that inoculations should be tried out in the open and 
at a place where the disease had not, so far, appeared. The 
Director of the Station, Dr. W. H. Jordan, kindly consented 
to sacrifice some muskmelon vines growing in his garden, and 
on August 2 three vines were inoculated with mycelium from 
the same set of cultures as that used in the greenhouse on the 
same date; but the fungus was put in scalpel wounds instead 
of on uninjured surfaces as was done in the greenhouse in- 
oculations. Each vine was inoculated at two points and 
covered with grafting wax. Three check inoculations were 
prepared; one on each of the vines. They were re-examined 
August 8 and it was found that only two of the inoculations 
aad been effective. Upon removal of the grafting-wax cover- 
ngs from the unaffected inoculated points, a large part of the 
sortical region of the covered portion was found to have been 
lestroyed. The fungous hyphae were found present through- 
out the dry portions of the cortex, but the deeper lying green 
yortions of the vine contained no hyphae which could be seen 
in freehand sections. 
| Microscopic characters of the pycnidial form.—The fruiting 
vodies, upon microscopic examination, proved to be pycnidia 
‘ontaining two-celled hyaline spores of the Diplodina type. A 
ection shows the pyenidia originating in the region just under 
he epidermis through which they break, finally seeming nearly 
‘uperficial. The pycnidia are slightly depressed globular, with 
ore-like ostiola, and measure 100—165 », See Plate IV for 
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sketch. They originate from a very extensive, much branched 
brownish subepidermal mycelium: and a much less profuse 
cortical mycelium. Both longitudinal and cross sections show 
the mycelium rather abundant in the cortical regions, but the 
deeper tissue reveals none except in. cases where there is a 
wide gap in the sclerenchyma tissue, and even in such cases it 
does not progress very far between the bundles till some time 
after the maturity of the Diplodina spores.. There were some 
eases noted in the greenhouse where the vines were killed about 
the time the spores were mature. Sections of such vines had 
abundant mycelium even in the pith region. A few days after 
such a vine had been killed by ‘the disease a photograph was 
made of its cross section which clears HP some points. See 
Plate IV. - 

Discharge of pycnidiospores and how the disease was spread. 
—Upon examination of the pycnidia with a hand lens the 
darker ones are all seen to have papillate elevations in place of 
pore-like ostiola. By the addition of a little water to some 
unbroken pycnidia under a cover glass the microscope showed 
the papillate elevations to be masses of two-celled hyaline 
spores which had been forced out from the interior of the pye: 
nidia. Shortly, the masses loosened somewhat showing indi- 
vidual spores more clearly, streamed off into the water, with al 
rather compact column of like spores continuing the stream: 
ing as long as three or four minutes. If one now recalls that 
this fungous disease was preceded by an attack of red spider and 
then followed by a long daily siege of heavy spraying with 
hydrant water, it will probably help explain the rapid spreaé 
of the disease after it had once started. And it also seems 
probable that an explanation of the position, on the vine, ol 
all infections may be sought here. During spraying the pye 
nidia were moistened and those having mature spores va 
send forth numerous streams of spore masses which were a! 
once carried’ away by the continuous stream of water ef 
lodged on other vines, even at some distance beyond, dow! 
which they would be washed by the descending water. A‘ 
the axils of leaves and the crotches of branches would natu 
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‘rally retain certain quantities of this descending water, loaded 
with spores, suitable conditions for their germination were 
thus secured, from which infection could take place by the 
penetration of the mycelium into the axils or crotches of the 
vines. Of course, the saturated and warm atmosphere of 
the house was also very favorable by permitting drops of 
water to remain even whole days at such places. 

Another spore form.—Around the nodal regions of some of 
‘the diseased vines are often darker fruiting bodies scattered 
among the brownish pycnidia, while a few regions were found 
having these black bodies alone. Only the older regions of 
‘diseased vines seemed to have the black fruiting bodies; for 
example, when any were present they were always most 
humerous about the point of infection, while farther removed 
from that point the pycnidia exclusively occupied the substra- 
‘tum (Plate IIT). The vines having any of these darker fruit- 
‘ing bodies were either dead or in a dying condition when first 
observed. These black bodies are perithecia, containing sub- 
‘sessils to sessile, aparaphysate, cylindrical to clavate-cylindrical, 
eight- -spored asci. They are very slightly imbedded in the host 
‘tissue as shown by hand sections, 7. e., they are evidently erump- 
ent although finally nearly superficial. The perithecia are 
somewhat depressed-globular or inverted-top-shaped with their 
papillate apexes perforated by ostiola. They measure about 
100-165 p, and the asci 45-58 yp, 
| Collection and separation of the two types of fruiting bodies. 
—A large quantity of material was collected, from the diseased 
portions of muskmelon vines in the greenhouse. Some specimens 
were dead and dry; others were from vines in a very much wilted 
and dying condition, while a few were taken from green, 
rather vigorous looking plants. It was only on the former 
two types of material that perithecia could be found. By 
going over all the collected material it was separated into two 
groups, one containing only pycnidia and the other from few 
‘to mostly perithecia. 
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LABORATORY CULTURES OF THE FUNGUS (IN 1907). 


Cell cultures of pycnidiospores.—A number of culture cells 
were prepared with small drops of sterile water and a few (per- 
haps from three to twenty) pycnidiospores were introduced, 
which were secured by putting some crushed pycnidia into a) 
test tube about one-third full of sterile water. Twenty-four 
hours after planting nearly all were germinated. Some camera’ 
drawings on Plate IV will help one get an idea of some of the 
stages as they occurred at this time. At the close of the 
second day there was some additional growth and branching, 
but the third day gave scarcely any growth although some. 
differentiation had taken place. The short and _ sparsely 
branched mycelia had become septate and in many cases only, 
a few of the terminal cells were filled with protoplasm. Most 
of the proximal cells seemed practically empty. Occasionally 
the two terminal cells on short lateral branches looked spore: 
like by being almost constricted off from the other cells of fhe 
mycelium. It has not been shown whether these bodies are 
secondary conidia or not; perhaps they are not. These cul- 
tures simply show that the pycnidiospores germinate in water, 
and may be able to infect the host from twenty-four to thirty 
hours after a suitable environment has been attained. ‘Trans- 
fers were made to potato-agar tubes to use for inoculations. | 

Cell cultures of ascospores.—Another set of fifteen culture 
cells were prepared like the above and the drops were each 
supplied with a crushed perithecium. Five infected drops were 
allowed to evaporate by holding the cover glass at some dis- 
tance above a flame. A bit of agar was then put on the dried 
asci. All cultures were examined and those discarded which 
had no asci with spores. Both fusoid and constricted spores 
were often in the same drop, but in different asci. Two days 
after preparing the cultures many of the spores had germinated. 
There was practically no difference between the germination of 
these ascospores. and the pycnidiospores. None of the fusoid 
spores were seen to germinate. The drops from three of the best 
cells were transferred to five potato-agar tubes. On the follow- 
ing day many of the germ tubes in the remaining culture cells 


| 
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had become branched and septate. Only two of the agar cells 
had germinated spores. The others probably got too hot in 
drying over the flame. There was still no change in the fusoid 
spores. More transfers to potato-agar tubes were made. 


FIELD INOCULATIONS (IN 1907). 


Ascosporic and pycnidiosporic inoculation of muskmelon.— 
Two hills of muskmelons, which grew vigorous, healthy vines, 
having some full grown melon fruits attached, were selected in 
the garden, and on August 12 the plants of one hill were inocu- 
lated with pycnidiosporic and that of the other with ascosporic 
mycelium. The inoculating was done on the internodes by 
making tangential cuts into the cortex, inserting a bit of my- 
celium from potato-agar tubes and covering with grafting wax. 
Eight ascosporic and seven pycnidiosporic inoculations were 
made. Three checks were prepared for each group. 

On August 24 seven of the ascosporic inoculations had pro- 


duced the disease on the infected parts of the vine, showing the 


usual water-logged conditions of the green tissue farthest re- 
moved from the center of infection. The cortex nearer the in- 
oculations was dead and dry, having a greyish color, and specked 
with dry drops of gum here and there. The general appearance 
of all but one of the plants was fresh and green, in fact, aside 


from the dead cortical girdles at the points of inoculation, 


the vines seemed normal. However, one of the vines looked 
rather flaccid and its leaves drooped slightly. Only four of 
the seven points inoculated with pycnidiosporic mycelium had 
become infected, producing a result just like the one described 
above; but two of these infections had a few pycnidia at the 
edges of the grafting wax. 

The plants were re-examined on September 16. The two 
formerly wilted plants and one inoculated with pyenidiosporic 
mycelium had died while two of those infected with ascosporic 


| Mycelium were very much wilted. Al] diseased parts contained 


fruiting bodies of the fungus. Both pyenidia and perithecia 
Were present on several infections of each hill, but the asci 
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were, with few exceptions, without spores. Those having spores — 
had the characteristic appearance, and were of the same size 
as those used for the cultures. The three checks for each group 
were normal and uninjured throughout. 

Inoculation of pumpkin vines with both mycelia.—To get 
some idea regarding the possible parasitism of this fungus for 
other species of the gourd family, pumpkin (Cucurbita Pepo) — 
cucumber (Cucumis sativus), and watermelon (Citrullus vul-— 
garis) plants were inoculated with both types of mycelia. 

On August 25 a vigorous pumpkin plant was inoculated 
in the usual way on various parts of its vine. Three inocula- 
tions with pyenidiosporic and four with ascosporic mycelium 
were made. September 5 two of the pyenidiosporie and three 
of the ascosporic infections had rather narrow bands of slightly 
water-logged tissue on both sides of the wax covering, but no 
traces of gum flow could be seen. September 14 they were 
again examined. The wax was removed from those having 
shown no trace of the action of the parasite. : 

The wounds made during inoculation had healed normally. 
The narrow bands of water-logged tissue on those mentioned 
above had become no wider but had become dry. A few of the 
covers were removed and a dead girdle of cortical tissue was 
found extending about the width of the wax. The more or less 
hollow pith region of one of these had the inner surface of its tis- 
sues of a brownish color. Some transfers were made of the pith 
tissue from two other specimens, which had had waterlogged 
areas about the wax, and a fungous growth resulted which 
seemed indistinguishable from the one employed in the inocula- 
tions. On September 18 there were scattered perithecia on the 
three remaining infections around which some dead tissue could 
be seen. The hollow pith region (around the edges of which 
was some brown tissue containing hyphae of the fungus) as 
well as the perithecia, may be seen on Plate VI. Upon con- 
sulting the labels attached to the above inoculations two were 
found to have been infected with ascosporic and one with 
pycnidiosporic mycelium, on August 25. The perithecia were 
of the usual type, size and color. There were no pycnidia 
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present on any of the specimens. Many of the asci had their 
spores nonseptate; others, however, were septate. 

Some peculiarities of pumpkin as a host.—Judging from the 
very slight injury done to the pumpkin vines there seems no 
doubt but that this host would be immune under ordinary condi- 
tions, though the presence of living mycelium in the naturally 
hollow pith region would probably have caused more trouble in 
course of time. 

Perhaps the mosti striking peculiarity noted on this host is 
the entire absence of pycnidia from both ascosporic and pyc- 
nidiosporic infections. A large number of lighter-colored fruit- 
ing bodies farthest removed from the inoculations were care- 
fully examined in the hope of their being pycnidia, but without 
exception, they were young perithecia in various stages of de- 
velopment. The substratum or host seems to be the determining 
factor as regards the production of perithecia and pyenidia and 
it would be of great interest to find some way of reproducing 
these conditions in pure cultures. 

Inoculation of watermelon vines.—On August 31 inoculations 


with both types of mycelia on watermelon vines (Citrullus 


vulgaris), growing in the garden, were made. ‘The infecting 


Was done in the usual way by wounding the internodes of the 


vine with a sterile scalpel. Two vines were inoculated at two 
points each with pycnidiosporic mycelium and two other plants 
with ascosporic mycelium; one at three points and the other 
at two. Two checks were prepared for the group of four and 
three checks for the group of five. On September 5 all inocula- 


tions of both groups had taken and one vine in each group had 


wilted. Pycnidia were present on vines of both groups. They 
were the size and character of the Diplodina before mentioned ; 


the spores also agreed in both size, form and color. Eleven 


] 


days later, September 16, some of the dead and dying vines were 
collected. Specimens from both types of inoculation contained 
perithecia and pycnidia. The checks were all without any 
traces of disease. | 

Comparison of susceptibility of muskmelon and watermelon. 
—The parasite did more active and destructive work on water- 
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melon than on muskmelon. The watermelon vines were less 
resistant and the pycnidia were mature a day or two sooner 
than on muskmelon. The watermelon vines were healthy and 
bearing many but small fruits; however, the vines were rather 
short and slender. Possibly the severity of the attack was in 
some measure due to the rather slight vines. It would per. 
haps be of interest to grow some watermelons in a greenhouse 
with the fungus present, for it seems probable that they would 
be naturally parasitized by this fungus. 

Inoculation of cucumber vines.-—On August 31, both types 
of mycelia were used to inoculate some nature but still vigorous 
cucumber vines. Three pycnidiosporic and five ascosporic in- 
oculations were made, also two checks for each group. The 
method was the usual one; tangential cuts were made with a 
sterile scalpel into the cortex of the vines, and bits of i 
inserted and covered with grafting wax. 

September 5 there was no change either on the infected or 
the check vines. September 14 some of-the wax coverings were 
removed and found to have the cortex of the vines uninjured 
by the introduced fungus. A normal callus had formed over the 
wound. All inoculated bits of vines were examined micro- 
scopically and cultures were tried from the interior but neither 
method revealed a fungus. 

Why is the cucumber vine immune ?—-Since the cucumber and 
muskmelon are species of the same genus (Cucumis) it was fo 
be expected that the cucumber would also be parasitized. As 
there were no younger cucumber plants accessible, their resist- 
ance could not be tested. It seems very strange that this species 
of Cucumis should be immune while a species of a related genus 
is very susceptible. The similarity of stem structure of Cu 
cumis Melo and Cucumis sativus is evidence that the difference 
in the susceptibility of the two species is not due to their strue- 
tural differences but rather to differences in the cell sap or 
cell constituents.** 

1 Parasites, of course, differ in their reactions to the same groups of host 
species, as shown by G. M. Reed’s work, Infection experiments with the 


mildew on Cucurbits, Erysiphe cichoracearum DC. ‘Trans. Wis. Acad. Se., 
Arts, and Letters 15: 527-47 (1907), Madison, Wis. 
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INOCULATION OF POTTED MUSKMELON PLAN'S, 


Inoculation of young muskmelon plants by pouring spores, 


suspended in water, over them.—Potted muskmelon plants 


which had been planted for this experiment (the Emerald Gem 
variety), had now attained to a size sufficient for use in inocula- 
tions in a moist chamber. They were from six to ten inches 
long, having from four to seven foliage leaves developed. Sep- 
tember 2 six of them were put in a large cubical moist 
chamber, in the greenhouse, having its sides and top of glass 
and its floor covered with a layer of Sphagnum moss. The 
plants, floor and sides of the moist chamber were thoroughly 
sprayed with hydrant water. <A quantity of crushed pycnidia 
Was put in each of six test tubes about half full of sterile water 
and one tube slowly emptied on the vine and leaves of each 
of the plants. Also two of the potted plants were placed under 
separate bell jars in the laboratory. <A tube of sterile water 
containing a large quantity of pycnidiospores was poured over 
one and the other left for a check. 

September 5 there were a number of leaves, in both the cubical 
moist chamber and under the bell jar, having brownish areas 
where the tissue was dead. Sections of the leaves were made 
and found to contain mycelium threading through all parts of 
the affected regions. Many of the flower buds and leaf axils 
had traces of the water-logged tissue noted as a symptom of 
this disease. On September 7 most of the leaves of the inocu- 
lated plant under the bell jar were wilted and drooping. It 
was photographed and many of the above facts may be seen 
by referring to Plate V. The check under the other bell jar 
remained healthy. | 

September 22 only four of the six plants which were placed in 
the large cubical moist chamber had been practically killed. 
The other two had a few dead regions on some of their leaves 
but had seemingly recovered. Two of the dead plants had a 
few scattered pycnidia on the vines but none on the leaves. 

Inoculation with pycnidiospores by wounding the host.—Sep- 
tember 6, four of the healthy potted plants were inoculated with 
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pycnidiospores by placing the spores in a wound and covering 
with grafting wax. The pycnidia for this were carefully picked 
with a sterile needle and crushed in small drops of sterile water 
on sterile slides. The drop containing the spores was then 
carefully Grawn off into the wound. One check was prepared. 
September 18, three of the plants were very much wilted and 
the fourth had only a small region next the wax which was 
water-logged. The three dying plants had numerous pycnidia, 
but no perithecia, on the diseased parts. On September 26 the 
fourth inoculated plant had wilted and was dying. Pyenidia 
were also present. October 7 perithecia could be found on two 
of the four. ‘The check was still in good condition. On Septem- 
ber 25 the two remaining potted plants were inoculated with 
ascosporic mycelium which had been obtained from Van Tieg- 
hem cell cultures, September 18. October 7 both vines were 
wilting and dying, and there were pycinidia present near each 
point of inoculation. 

The relation of the two types of fr uctification. _The pure 
cultures from the ascospores and the pycnidiospores, used in the 
foregoing inoculations, give strong evidence that the Diplodina — 
pyenidia are the fruiting bodies of the Mycospherella, coming 
later. There seems no quiestion but that these two. types of 
fruiting bodies are simply stages in the life cycle of the same 
fungus. With but one exception, inoculation with ascoporic 
mycelium produced the Diplodina pycnidia before any perithecia 
were produced. The exception has but little weight here be-— 
cause on that host (pumpkin) the pyecnidiosporic inoculation 
produced only perithecia also. 


SPORES, .IN CULTURE, NOL TYPICAL, 


On November 12, transfers of both types of mycelia were 
made to tubes of alfalfa stems. The mycelial growth of both 
was similar and vigorous, turning darker with age. November 
26, numerous typical Diplodina pycnidia were present in all 
the tubes. No difference could be detected between those from 
the ascosporic, and pyenidiosporic mycelia; they were some- 
what undersized from both. The spores were also small, 
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mostly 9-12 wu, Only about half of them were septate. The 
shorter ones were either continuous or doubtfully septate. 


RE-EXAMINATION OF THE, MYCOSPHARELLA WILT 
OF MELONS IN 1908. 


Introduction.—Both the red spider and the Mycospherella 
wilt reappeared on muskmelons in the same greenhouse in 1908. 
The soil used on the melon benches in 1907 was removed in 
September, exposed to the weather, but returned to the same 
benches in March, 1908. The house was thoroughly fumi- 
gated with hydrocyanic acid gas before the plants were intro- 
duce. They were benched about two months earlier than in 
1907. | 

The appearance of other parasitic fungi.imWhen the melons 
were about two-thirds grown a Coremium-like fungus was found 
attacking two vines a few inches from the ground and destroy- 
ing the cortical tissues on a short region of the stem. The fun- 
gus produced large quantities of spores but failed to infect other 
plants. The two affected plants neither wilted nor evidenced 
harmful effects, yet each had a girdle of destroyed cortical tis- 
Sues. <A Sclerotinia, probably Sclerotinia Libertiana Fckl., 
proved a more virulent parasite. The parasitized vines had an 
oily-green, water-logged appearance, and occasionally a few 
drops of exuded, resin-colored gum. By the presence of fluffy, 
aerial mycelium, later forming sclerotia, and by the entire 
absence of any fruiting bodies on the affected stems, it is easily 
distinguished from Mycospherella wilt, though it may cause 
partial wilting of the vines. Comparatively little damage was 
done by this fungus. 3 

Occurrence of the red spider.—The red spider became evident 
shortly after the appearance of the Sclerotinia; it was sprayed 
with water as in the previous season and readily controlled, 
though some leaves turned yellow. 

Reappearance of the Mycospharella wilt—About the time 
the first melon fruits had attained full size, the Mvcospherella 


wilt reappeared; being about a month earlier than in 1907. 


On June 23, three vinem were found to have some of their lower 
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nodal regions affected. The hardened drops of gum about the 
dry, greyish nodes with densely scattered pycnidia, and the oily- 
green, water-logged appearance of the stems below and above 
the nodes, was a repetition of its occurrence in 1907. Again, on 
some diseased vines the older affected regions (the parts having 


fruits of the fungus) were of rather dark color and had larger 


quantities of exuded gum. Numerous Diplodina pycnidia were 


present on all.the affected nodal regions, and, on a few of the 


oldest infections, Mycospheerella perithecia. A week after the 
disease was first noted, more than a dozen vines had become 
infected at several nodes each. 

No Phyllosticta on the leaves.—A thorough search was made 


for Chester’s Phyllosticta on the leaves of the infected vines © 


but it was not found, though, at many of the diseased nodes 
the leaves died about the time the water-logged condition first 
was observed. (Probably due to the red spider.) 

The disease more conspicuous than in 1907.—On July 20, at 
least one-third of the vines were either badly wilted or dead. 
The disease was more rapid and destructive than in 1907, and 
possibly more conspicuous because the red spider had injured 
and killed fewer leaves before the fungus appeared. The fuller 
descriptions of 1907 are referred to for details regaroing: the 
fructifications and appearance of the disease. 

Re-isolation of the fungus in 1908.—In order to obtain fresh, 
vigorous cultures for inoculation experiments, numerous tissue 


transfers from the interior of diseased, water-logged portions of — 


muskmelon vines were made to tubes of potato-agar. Carefully 
picked perithecia and pycnidia® were crushed. in separate drops 
of sterile water, and- under sterile conditions, transferred to 
separate sets of 25 Van Tieghem cells. In about twenty hours, 
probably 95 per ct. of the spores, in both the ascosporic and 


pyecnidiosporic cells, had germinated. Many transfers to tubes 


of potato-agar were made from both types of germinated spores. 
The resulting mycelial growths seemed identical in all tubes. 
An inoculation test on muskmelon vines proved both alike 
parasitic and followed by like pycnidia and perithecia. 


Bt is a comparatively easy matter to distinguish between pycnidia and 
perithecia with a hand lens. 
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MYCELIAL INOCULATIONS OF SOME OTHER SPECIES OF CUCURBITS. 


~ Several ocher cucurbits were specially grown (1908) to be 
used in pathogeneity tests. Young potato-agar cultures were 
used as sources of the fungous mycelium. The stems of the 
plants were wounded by tangential cuts and the mycelium was 
placed under the sliver. About half of the inoculations were 
covered with grafting wax and the others were left without 
protection. (Both methods were effective to about the same 
degree.) in most cases but one set of inoculations was made 
before bacterial contamination of the stock cultures became 
evident, as shown by the inability of the fungous mycelium to 
parasitize Cucumis Melo. The following is a brief summary of 
the results: 


1. Cucumis sativus (Cucumber). Twelve inoculations were 
made as stated above. No visible effect was produced on the 
host and no fungous fruits were developed. 


2. Cucumis Anguria (West Indian Gherkin). Ten inocula- 
tions were made. The wounds healed normally and no fungous 
fruits resulted. 


3. Cucurbita maxima (Boston Marrow Squash). Eight in- 
oculations were made on the vines and six on the fruits. The 
wounds healed normally. However, some perithecia with spores 
and a few pycnidia appeared on the dead slivers of the vines, 
but the squash-fruits seemed neither affected, by such inocula- 
tions, nor developed any fungous fructifications. 

4. Cucurbita Pepo (Pumpkin). There were eight inocula- 
tions made on the vines and seven on fruits, but no visible 
effects were produced on either, yet, a few of the dead slivers 
(resulting from the tangential cut preceding inoculation) on 
‘the vines developed typical perithecia with spores. No pye- 
‘nidia could be found. 

5. Lagenaria vulgaris (Sugar Trough Gourd). Forty inocu- 
lations were made on fruits and vines, with no apparent affect 
\upon the host, but a few fully developed perithecia with spores 
‘were found on two dead vine-slivers. 
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6. Luffa clyindrica (Dish-cloth Gourd). Eight inoculations 
were made on the vines and five on fruits. No effect resulted 
on the vine but a few immature or sterile fruiting bodies oc 
cured on a dead vine-sliver. Portions of two gourd fruits 
were decayed and contained mature Diplodina pycnidia with 
spores. 

Though it is desirable to have these inoculations repeated, 
they are an indication that none of these cucurbits are normally 
susceptible? The fungus had no evident effect on any but 
Luffa cylindrica, though it was able to vegetate and fruit on 
some dead vine-slivers of other species. | 

Development of perithecia on the vines of naturally immune 
cucurbits.—It is unusual to find the natural sequence of spore: 
forms interrupted or to have one entirely omitted. Spores of 
the perfect and imperfect forms of a fungus generally follow 
each other in some definite order, whether the perfect form be 
an oospore, zygospore, teleutospore or ascospore. But at pres- 
ent, there are some well known exceptions in each of the above 
eroups: some producing but one known type of spore. : 

There has been some notable work done, on some members 
of the “oosporic group,” in artifically causing either type of 
spore to be produced by means of certain culture media and 
environment,?® and on species of the “zygosporic group,” by 
showing them to be heterothalic and therefore requiring two 
sexually unlike individuals of a species for the production of 
zy gospores.*4 


32 Some recent infection experiments by Dr. G. M. Reed give a compre- 
hensive grouping of cucurbits and other plants in regard to their suscepti- 
bility to some parasitic fungi. Infection experiments with Erysiphe 
cichoracearum DC. Bul. 250, Univ. of Wis. (Science Series Vol. 3, No. 8. pp. 
337-416), Madison, Wis. | 

33 G. Klebs, Zur Physiologie der Fortpflanzung einiger Pilze, Jahrb. /. Wass: 
Bot. 33: 513 (1899), and also 35:80 (1900). G. Klebs, Wik Ent: 
wickelungsanderungen bei Planzen, Jena 1903. | 

4 AF. Blakeslee, Zygospore formation a sexual process. Science xs 
19: 864-6 (1904) Lancaster, Pa. Sexual’ reproduction in the Mucorinee 
Proc. Am. Acad. 40: 205-319 (1904), Boston, Mass. Zygospores and sexua 
strains in the common bread petals Rhizopus nigricans. Science N. 8. 24 
118-122 (1906). 


? 
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Whether the type of spores produced by the members of the 
teleutosporic and ascosporic groups may be controlled by either 
or both of the above methods is yet an open question. In case 
of the Mycospheerella-wilt fungus, on its normal hosts, the 
environment seems the important factor. The cortical tissues 
have been thoroughly permeated by the mycelium and _ killed 
when the pyenidia are produced; and generally these tissues 
are comparatively dry before the perithecia appear. Some of 
the latter conditions are found on the dead pumpkin-vine 
slivers, though others are absent. In this case it seems 
plausible to assume that conditions inhibiting further vegetative 
development of the fungus on diseased muskmelon vines, as 
well as the “adverse” environment of mycelium, introduced 
under a sliver of a pumpkin vine or similar host, tend to cause 
the production of the “perfect” spore-form. The dry condition of 
the subsfratum seems the important factor in the formation of 
the “ perfect ” spore-form. Lakon concludes that transpiration 
is the greatest single factor in causing the development of the 
fructification of Coprinus plicatilis, other factors being of im- 
portance only in so far as they accelerate transpiration. But 
in an anhang to his paper he states that his fungus would not 
fruit on Vicia Faba—decoction agar though it did when stems 
of Vicia Faba were placed in agar-agar.*° 

Some of the above observations on immune cucurbits and the 

pumpkin inoculations of 1907 (Plate VI) seem to indicate that 
certain conditions of environment may produce ascospores and 
be adverse to or check the formation of pycnidiospores. 


INOCULATION OF MUSKMELON AND WATERMELON. 


Mycelial inoculations.—About fifty inoculations were made 
in the field on each of both watermelon and .muskmelon vines, 
which were large and vigorous. The mycelium, taken from a 
fresh potato-agar culture, was introduced under a vine-sliver 
Which had been made by means of a tangential cut with a 
Sterile scalpel. Half of the infections were covered with graft- 


*G. B. Lakon, Die Bedingungen der Fruchtkérperbildung bei Coprinus. 
Ann, Myc. 5: 155-176 (1907), Berlin. 
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ing wax and the others left uncovered. They were all effective | 
except four of the covered ones on muskmelon. Both pyonida 
and perithecia occurred on these inoculations. 

The stock cultures were retransferred to tubes of potato-agar, 
A few days later another, but smaller, set. of inoculations was 
made. Only a few of the uncovered ones were effective and 
produced pycnidia. The cultures were found to be contami-— 
nated with a bacillus, which after losing its motility developed 
great numbers of dumb-bell-shaped and globular, brownish in- 
volution forms. 

Ascosporic and pycnidiosporic inoculations.—From freshly 
collected muskmelon vines (growing in the greenhouse) large 
quantities of pycnidiospores were obtained, suspended in steri- 
lized water, and transferred to the plants to be inoculated, by 
means of a sterile pipette. 

The vines from one muskmelon hill and one watermelied hill 
were inoculated. The uninjured nodes of each species were in- 
fected with spores. Every inoculated node was covered with 
wet, sterilized absorbent cotton. Equal numbers of similar in- 
oculations were made on both hosts, except that the nodes were 
punctured with a sterile forceps before the pe were trai 
ferred to them. 

The cotton on all nodes was resaturated with sterile watt 
one and a half hours after inoculation. The following morn- 
ing, fifteen hours after inoculation, sterile water was again 
applied... All but three of the cotton wads were still moist. 
Six hours later more water was added. , 

Only one of the forty inoculations became injurious and pro- 
duced fruits of the fungus: on a punctured node of muskmelon. 

Equal numbers of similar inoculations were made on other 
plants of the same hosts, using ascospores. The cotton was 
remoistened but once: three hours after inoculation. Neither 
the injured nor uninjured nodes were parasitized. The spore 
inoculations of 1907 (p. 218) no doubt were effective because 
they were put in direct contact with the inner host tissues and 
were provided with both moisture and nutritive maties under 
the protecting wax. | | 
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A probable reason why the disease has not been found in the 
fields of western New York.—The almost complete failure of 
these spore inoculations, in the field, suggests a reason why 
the parasite has not been observed in the fields of this 
vicinity. It seems that the very moist, warm environment of 
the greenhouse is essential for the infection and development of 
this fungus and that field conditions are preventive. 


REMARKS ON THE WorRK OF 1907-1908; PREVENTIVE MEASURES. 

As may be seen from this condensed summary of the work of 
1908, excepting some additions and extensions, it is only a 
repetition of that recorded for 1907. In general, there is no 
difference between the two seasons’ observations: the char- 
acters of the disease, as well as the two spore-forms of the 
fungus, were the same throughout. 

It seems probable that the spores of this fungus are not 
killed by exposing infested soil to weathering conditions of 
Winter, nor by fumigation with hydrocyanic acid gas, and, 
that earlier planting of melons fails to prevent an attack. How- 
ever, it seems that this disease may readily be prevented in the 
greenhouse by spraying thoroughly with bordeaux mixture 
when the plants are about half grown (7. ¢@., before the disease 
appears), and repeating often enough to keep them covered 
with the spray. An unsuccessful spraying experiment, on 
watermelons, is recorded by Mr. Chester,*® but the failure very 
probably was due to the fact that the disease had become evi- 
dent before the spray was applied.— When the plants are 
Sprayed with water the house should have good ventilation. 


CONCLUSIONS REGARDING THE NAMES OF THE 
3 FUNGUS. . 

From Chester’s characterization of the disease it appears pos- 
sible that he also had the fungus discussed in this bulletin, on 
the same vines on which he found his Phylosticta, though he 
mentions no fruits of it as occurring on the vines. Smith un- 
questionably had the Mycospherela-wilt fungus, but since 

Del. Exp. Sta. 5th Ann. Rpt., p. 79. 
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it has not been found on the leaves (the fruiting bodies there. 


fore not occurring in spots), there is no reason to put the pyc 
nidial form in Ascochyta. For these reasons it is retained in 
Diplodina. Smith having transferred the species name of 
Chester’s Phyllosticta to both spore-forms, it is used, though 
his description of the imperfect form must be discarded, and 


his characterization of the perithecial form is very general, scat- 


tered and incomplete. 


TECHNICAL DESCRIPTION OF THE MYCOSPH Ar 
RELLA-WILT FUNGUS. 


Mycospherella citrullina (C. O. Sm.) Grossenbacher. 

Spherella citrullina C. O. Smith, Deiaware Iixperiment Sta- 
tion Bulletin 70 (1905), Newark, Del. 

The perithecia are roughish, dark-brown to black, .depressed- 
globular to inverted-top-shaped, with, generally, papillate 
ostiola, simple, densely scattered, erumpent and finally almost 


superficial, 100-165 », The asci are cylindrical to clavate 
cylindrical, aparaphysate, sessile to subsessile, 45-58 x 7-10 yp, 


Spores, mostly uniseriate, two-celled, hyaline, oblong-fusoid to 
fusoid, with one or both cells bluntly ovoid and therefore 
constricted at the septum (distal cell often larger) or not con- 
stricted. 


On the vines of Cucumis Melo and probably Citrullus vule 


garis. 
Diplodina citrullina (C. O. Sm.) Grossenbacher. 


Ascochyta citrullina ©. O. Smith, Delaware Experiment Sta- 


tion Bulletin 70 (1905), Newark, Del. 


The pycnidia are slightly depressed-globular, with pore- like 
ostiola, and of light-brown to dark-brown color; subepidermal 
to cortical erumpent and simple, 100-165 yw. Spores, hyaline, 
two-celled, more or less cylindrical, with rounded or tapering 


ends. They may or may not be straight or constricted at i 
septa, 10-18 x 3-5 wp. 


On the vines of Cucwmis Melo and probably Citrullus vul- 


garis. 
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APPENDIX. 


THD IMPLICATED MYCOSPILARELLA (LASTADIA) CUCURBITACEARUM 
(SCHW.) ? CKE. 


The confusion wrought by Mr. Smith’s last paragraph (p. 201 
of this bulletin) brings out some things of interest. Though the 
fungus or fungi involved seem not to be the same as the para- 
site discussed in this bulletin, it is thought advisable to make 
an attempt at clearing up the difficulty. He has simply con- 
densed the complications, to be found in Saccardo’s Sylloge 
Fungorum and similar publications, regarding Spheria Cucur- 
bitacearum Fries and like named species found or described 
by others. The original specimens not being accessible, it be- 
comes necessary to use only the published references of the 
names involved and therefore only suggestive conclusions may 
be given. Thanks are here expressed to Dr. E. J. Durand for 
Suggestions regarding the reference “ No. 1699 in Schw. Syn. 
N. Am. Fungi,” to Prof. G. F. Atkinson for lending a specimen 
of Roumeguere’s, labeled Lestadia Cucurbitacearum (Schw.) 
Sac., for examination, and also to the Director of the Royal 
Bitanic Gardens, for a statement regarding specimens in the 
‘Kew Herbarium. 

Spheria Cucurbitacearum Fries published 1882, in Systema 
Mycologicum, II, p. 502, seems to be the original species; later 
de Schweinitz found what he took to be the same fungus and 
‘published it under that name as No. 1699 in his Synopsis of N. 
Am. Fungi (1831), referring it to Fries, though he fails to give 
‘the correct reference in Systema Mycologicum. 

In an article,*? appearing March 1883, “On Spherella and 
‘its Allies,’ Dr. M. C. Cooke describes, among others, “ Sphe- 
rela (Lestadia) Cucurbitacearum (Schwein. No. 1699) ; 
Spheria cucurbitacearum Fr. Sys. Myce. II. 502.” The article 
purports to contain additions and corrections to Volume I of 


7 Journ. Bot. 21:71, also copied in Hedw. 22: 187. ° 
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Saccardo’s Sylloge Fungorum. This species is an addition; 
it seems to be an enlargement of Fries’s description, with the 
addition of ascus and spore characters. In a note he says: 
“The sporidia are not mature, but the endochrome is divided, 
and there is every probability that they are uniseptate when 
mature; in fact, in some instances they appear to be so now; 
but this cannot be affirmed positively, although a figure beside 
the specimens in Herb. Berk. represent the sporidia as unisep- 
TALE.” | 
It seems probable that the specimens used for this description 
come from or were collected by de Schweinitz and. that they 
had asci and spores which Cooke describes. No doubt this is 
the point of departure or origin of the ascosporic species from 
Fries’s Phoma-like fungus. Cooke evidently supposed his to be 
the same as that of Fries, though, of course, the latter makes no 
mention of asci and spores. However, it is possible that one is 
an imperfect form of the other; such an assumption may not be 
made till they have been definitely connected either from fresh 
material or from authentic specimens in herbaria. The former 
method seems possible though the latter is unlikely because 
most of those old type specimens seem unreliable. Ellis*® gives 
a note on this species saying: “The specimen in Herb. Schw. 
is without fruit; immature or sterile.” The Director of the 
Royal Gardens, Kew, writes “that Spherella Cucurbitacearum 
Schwein. No. 1699 has not been found in the Kew Herbarium. 
A copy of the label of the only Schweinitz specimen of this 
species is given below. The specimen was originally in Berk 
ley’s Herbarium and there is a drawing at the side showing 
the aseptate spores ‘S (subtectw) Cucurbitacearum F. 452 
Herb. Schwein.!’” A specimen of Lastadia Cucurbitacearum 
(Schw.) Sace. by Roumegeure was examined and found not 
only sterile, but without even an indication of fruiting bodies. 
Thus two seemingly distinct things are called Spheria Ou 
curbitacearum, in later publications, without clearly intimating 
that such complications exist. Saccardo, on page X XXIII of 


38 North American Pyrenomycétes 264, Newfield, N. J. 
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the addenda to Vol. I., in his Sylloge Fungorum Vol. II (June 
1883), gives Cooke’s description in full under the name * Les- 
tadia Cucurbitacearum (Schw.) Sace.; Spheria Cucurbita- 
cearum Schw. in Fr. Syst. Myce. IT., 502; ” and, in Sylloge Fun- 
gorum Vol. IX (1891), page 580, the species is repeated as 
“Lestadia Cucurbitacearum (Schw.) Sace.; Spherella Cu- 
cucurbitacearum Schw., in Fr, Syst. Mye., IL, 502,” with no 
changes except in the synonym. Ellis, in Ellis and Everhart’s 
N. Am. Pyr., page 264, practically translates Cooke’s description 
except “ Gregaria,” but names it Lestadia Cucurbitacearum 
(Schw.) and gives Spheria Cucurbitacearum Schw., Sphea- 
rella Cucurbitacearum Cke., and Lastadia Cucurbitacearum 
Sacc., aS synonyms. Of course, it is possible that both Illis 
and Saccardo gave their descriptions partially from herbarium 
material though that supposition may be incorrect as regards 
Hillis, judging from his note quoted on page 228 of this bulletin. 

On the other hand, in Sylloge Fungorum Vol. III, page 148, 
‘Saccardo gives an exact transcription of Spheria Cucurbita- 
cearum Fries (Syst. Myc., II, p. 502), with the addition of 
‘spore length, under Phoma Cucurbitacearum (Fr.) Sace. Al- 
-lescher expresses the same view in Rabenhorst’s Kryptogamen 
—Flora Vol. I, part 6, page 284. 

Now, from this brief view of the complications it seems prob- 
‘able that Lastadia Cucurbitacearum (Schw.) Sace. and Les- 
tadia Cucurbitacearum (Schw.) Ellis and Ev.(?), are Sphe- 
‘rella (Lestadia) Cucurbitacearum (Schwein. No. 1699) of 
Cooke, and that the confusion has arisen because neither Sac- 
cardo nor Ellis properly credited Cooke with the description 
he gave. | 
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TECHNICAL BULLETIN No. to. 


A VOLUMETRIC METHOD FOR THE DETER- 
MINATION OF CASEIN IN MILK* 


L. L. VAN SLYKE anp ALFRED W. BOSWORTH. 


SUMMARY. 


A given amount of milk, diluted with water, is made neutral 
to phenolphthalein solution by addition of a solution of sodium 
hydroxid. The casein is then completely precipitated by addition 
of standardized acetic acid; the volume of the mixture is made 
‘up to 200 cc. by addition of water, thoroughly shaken and then 
filtered. Into 100 cc. of the filtrate a standardized solution of 
‘sodium hydroxid is run until neutral to phenolphthalein. The 
solutions are so standardized that 1 cc. is equivalent to 1 per ct. 
of casein when a definite amount of milk is used. The number 
of cubic centimeters of standard acid used, divided by 2, less the 

amount of standard alkali used in the last titration gives the 
' percentage of casein in the milk examined. When one uses 
17.5 cc. (18 grams) of milk, the amount used in the Babcock 
“milk-fat test, the standard acid and alkali solutions are made 
‘by diluting 795 cc. of tenth-normal solutions to 1 liter. By 
_ using 22 cc. of milk, tenth normal solutions can be used directly ; or 
Dy using 20 cc. of milk and tenth-normal solutions, adjustment 
_ is made by multiplying the final result by 1.0964. 
_ The method usually gives results within 0.2 per ct. of those 
_ obtained by the “‘ official *? method. 


__ *Presented in abstract before the meeting of the American Chemical 
' Society, Detroit, Mich., June 29—July 2, 1909. 


INTRODUCTION 


In 1892 there was worked out in the chemical laboratory 
of this Station a method for the determination of casein in 
cow’s milk. This method, after careful trial by the Associa- 
tion of Official Agricultural Chemists, was adopted as “ offi- 
cial.”* It was realized that the method was adapted only for 
use in well equipped chemical laboratories and in the hands 
of trained chemists. Beginning 16 or 17 years ago, unsuccess- — 
ful efforts were made here at different times to devise a simple, 
direct volumetric method, requiring less apparatus, time, 
wanipulation and skill. Several attempts have been made by 
others to find such a method, among which we mention the 
following: (1) Estimation of casein: a preliminary study.” 
(2) Quantitative estimation of casein.* (3) A new method — 
for the determination of casein.” These and other proposed 
methods are open to several practical objections. | 

A method that is satisfactory in all respects for finding the 
amount of casein in milk should have the following character- 
istics: (1) It should be accurate; (2) its operation should 
require only a few minutes; (3) it should effect economy of 
time when several determinations are made at the same time; 
(4) the apparatus and materials used should be simple, readily 
obtainable and inexpensive; (5) the manipulations should be 
simple, such as can be acquired with a minimum amount on : 
previous training; (6) the mechanical work required should — 
not be needlessly sieeennne : 

In making a study of the accuracy of the results given by 
the method of Mattha‘opoulos, it was found that a reconstruc 


IN. Y. Agrl. Exp. Sta. Ann. Rept., 12:487-496 (1893); Jour. Amer. Chem. 
Soc., 15:635-645. 

217.8. Dept. Agr., Chem., Bul. 51. 

ON oH Arny and “‘T.M. Pratt. Amer. Jour. Pharm., 78:121-128 (1906). 

4T. B. Robertson. Jour. Biol. Chem., 2:328-334 (1906). 

5G. T. Matthaiopoulos. Ztschr. Analyt. Chem., 47:492-501 (1908). 
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tion of its details could be easily utilized in devising a method 
of equal accuracy but of much greater simplicity and rapidity. 
~The method which has been thus worked out is, in brief, 
as follows: A given amount of milk, diluted with water, is 
made neutral to phenolphthalein by addition of a solution of 
sodium hydroxid (caustic soda). The casein is then com- 
pletely precipitated by addition of standardized acetic acid; 
the volume of the mixture is made up to 200 ce. by addition 
of water and then filtered. Into 100 cc. of the filtrate a stand- 
ardized solution of sodium hydroxid is run until neutral to 
phenolphthalein. These solutions are so standardized that 1 
cc. is equivalent to 1 per ct. of casein when a definite amount 
_ of milk is used. Therefore, the number of cubic centimeters 
‘of standard acid used, divided by 2, less the amount of standard 
alkali used in the last titration gives the percentage of casein _ 
in the milk examined. The operation usually requires 12 to 15 
minutes when apparatus and solutions are at hand in con- 
venient forms for ready use; several determinations can be 

- earried on simultaneously with much relative economy of time. 

This method is based upon the following well-known facts: 
(1) Uncombined casein is insoluble in milk-serum, or water, 
or very dilute acids.® (2) It is acid in properties and com- 

_ bines with alkalis to form definite chemical compounds, which 
are neutral to phenolphthalein. 

Of the total amount of acid used in the proeess of precipi- 
tating casein, a portion is taken to set casein free from com- 
| bination, thus forming a soluble neutral salt and an insoluble 
compound (free casein) possessing the properties of an acid; 
and, on filtration, this amount of acid, as free casein, is 

removed from the mixture. The balance of the acid used in 
_ the process is accounted for in the filtrate on titration with 

alkali. Therefore, the difference between the total amount of 
acid used and that accounted for in the filtrate by titration 


| _*N. Y. Agri. Expt. Sta. Tech. Bul. No. 3, pp. 105-6; Amer. Chem. Jour. 
| 38:409-10. 


with alkali represents the amount olay 
the casein present in the milk examined. | 

Since one gram of free casein neutralizes 
normal sodium aS (Or AL aces 


1 Ztschr. Analyt. Chem., 47 :495. 
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APPARATUS USED IN VOLUMETRIC DETERMINATION OF CASEIN IN MILK. 


DESCRIPTION OF METHOD 


The various details of the method will now be taken up for 
description and discussion under the following heads: (1) The 
required apparatus, (2) the necessary solutions, and (3) the 
operations performed in applying the method. Since the 
method is intended for the use of many who have not had 
much, if any, training in chemical work, the description is 
made to cover many details which are matters of common 
familiarity to those who have had laboratory training in 
volumetric quantitative work. 

For convenience of use in dairy schools and places where 
the Babcock test for fat is employed, we have based the descrip- 
tion of the method upon the amount of milk used in that test, 
17.5 cc. or 18 grams. The adaptation of the method to the 
use of 20 ce. and 22 cc. of milk is also given for the con- 
venience of those preferring such modifications. 


APPARATUS 


_ (1) Two 50 cc. burettes, accurately graduated to */,, ce. 
‘When many determinations are to be made, time can be saved 
by using automatic burette-fillers, such as are in common use 
In chemical laboratories, dairy schools and creameries. 

(2) Flasks, so-called volumetric, holding 200 cc., provided 

with a mark at the exact 200 cc. point. Two of these are 
needed for each determination made in duplicate. For great- 
est convenience, we prefer flasks having necks 414 to 5 inches 
long and-an inside diameter of about 84 inch, with the 200 
ec. mark 114 inches up the neck above the globe-shaped por- 
ton of the flask. 
_ (8) One milk-sampling pipette, accurately graduated at 17.6 
ce. and made to deliver 17.5 cc. (18 grams) of milk. This 
is the regular form of pipette used in the Babcock test for 
fat in milk. 


(4) One 100 cc. pipette provided with a mark to permit 4 
delivery of exactly 100 ce. 
(5) One small pipette with rubber bulb (so-called anon 
provided with a mark at the 1 ce. point. 
(6) Beakers or cups holding 200 cc. or more. Ordi 
white porcelain tea-cups, or white granite-ironware 
answer the purpose. 3 : 
(7) Funnels, glass or granite-ironware, 3 to 4 inches 
diameter. } 
(8) Filter-paper cut round, 6 to 7 inches in diameter. ~ 
their place one can use fine linen cloth cut in proper size ang 
shape. These have the advantage of permitting repeated use, | 
being washed always after use. a 
(9) Measuring-cylinders, accurately graduated and holdi 
1000 ce. : 


SOLUTIONS 


(1) Sodium hydrowxid. This solution may be made most con 
veniently by preparing a regular tenth-normal solution 
then diluting 795 cc. of this to one liter. In such a soluti 
1 ce. corresponds to 0.09 gram of casein or 1 per ct. w 
one takes 9 grams of milk for testing. In actual prac 
we take a 17.5 cc. (18 grm.) sample of milk, but in the 
part of the test use only one-half of the solution obtained. 

Alkali solutions made from alkaline tablets, such as 
often used in dairy work for determining acidity of er 
milk, whey, etc., do not give satisfactory results in this 
for casein. : ie 

The simplest method of preparing the alkali solution 
purchase from a reliable chemical supply-house so 
hydroxid, of the quality known as “strictly chemically p 
put up in sealed, glass-stoppered bottles, each bottle 
taining exactly 40 grams. The entire contents of the b 
dissolved in one liter of water, make a normal solution; 
100 ce. of this normal solution, diluted with water to 
liter, gives the tenth-normal solution, 795 cc. of which dil 
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‘to one liter makes the strength of solution desired when using 


17.5 cc. of milk for the test under the conditions stated above. 
- In making standard solutions, pure distilled water should 
be used if possible, or else as pure rain-water as can be 


obtained. 


- Instead of purchasing the solid sodium hydroxid one can 
Obtain a normal solution of the alkali directly from, chemical 


‘supply-houses and then dilute this in the manner already 


indicated. 
Solutions of sodium hydroxid, when exposed to the air, 


absorb carbon dioxid and change in strength so as to become 


unreliable; they should, therefore, be kept carefully in tightly- 


_ stoppered bottles. 


(2) Acetic acid. This solution is made so that a given 


amount of it will exactly neutralize the same amount of the 


‘ 


standard alkali solution of the strength above indicated. The 


‘simplest, but not the cheapest, way of preparing this solution 


is to purchase a normal solution and dilute 100dcc. of this 
to 1,260 cc. (or 795 ce. to 1000 cc.). 
The following method of preparing standardized acetic acid 


is the one commonly used in laboratories: Concentrated acetic 
acid, 99 per ct. or more pure, is employed. In preparing con- 
‘ siderable amounts, one measures out about 12 ec. and dilutes 


to 2 liters of stock solution with pure, soft water (preferably, 


distilled). This makes a solution approximately tenth-normal, 


but somewhat too strong. One takes 25 cc. of this solution, 
adds two or three drops of phenolphthalein solution and then 


’ runs in from a burette the standardized alkali until the neutral 


point is reached, when the ‘solution becomes faintly but dis- 
tinetly pink in color, the coloration remaining for some time. 


The amount of alkali solution thus required is read from the 


_burette. Suppose, for example. that 25 ce. of the diluted acetic 
acid requires 27.5 cc. of alkali. This means that each 25 ce. 
_ Of acid should be diluted to 27.5 cc. in order to have the proper 
strength, or each 1,000 cc. of acid solution sheuld be diluted 


. 


to 1,100 cc. by addition of 100 ce. of water. The method of 


| calculation, expressed as a general rule, may be stated as 
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follows: To find the amount of standard acid, multiply the 
number of cubic centimeters of standard alkali required to 
neutralize a given amount of acid by 1,000 and divide the 
result by the number of cubic centimeters of acid used in 
titration. Of course, a smaller amount than a liter may be 
used for dilution, so long as the rate of dilution is kept in 
the proper proportion. After having once found the strength 
of the stock solution, any desired amount of this can be made 
to the propert dilution at any time. x 

When an acetic acid solution is to be kept on hand for some 
time, it is desirable to add a small amount of pure mercuric 
chlorid (corrosive sublimate), for one liter about as much 
as will lie in a thin layer on a silver dime, in order to prevent 
change of strength by fermentation. The solution should be 
kept in tightly-stoppered bottles. 

For those who have had no experience in n making standanil f 
solutions or who lack requisite facilities, it is recommended 
that normal solutions be obtained from some reliable chemical 
supply-house. The address of the most convenient dealers can 
be obtained from the agricultural college or experiment station. 

(5) Phenolphthalein solution. This is made by dissolving 
one gram of dry, powdered phenolphthalein in 100 cc. of 50 
per ct. alcohol. Some samples of phenolphthalein are quite 
acid and it is well to add to the prepared solution a few drops 
of dilute alkali until the solution acquires a slightly pinkish 
color. 


PERFORMING THE OPERATIONS 


(1) Measuring and diluting sample of milk. The milk to be 
tested is well mixed and a 17.6 cc. pipette filled to the mark 
and the milk run into a 200 cc. flask. Then one adds about 
80 cc. of pure, soft water (preferably, distilled), filling the 
globe-shaped portion of the flask about half full. In pouring © 
the water in, any milk adhering to the inside wall of the neck 
of the flask is washed down into the flask. : 

(2) Neutralizing the milk. Add 1 ce. of phenolphthalein 
solution to the diluted milk and then run into it the alkali” 
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solution from a burette, in small portions, shaking vigorously 

after each addition of alkali, until a faintly, but distinctly, 
pinkish shade of color remains even after considerable agita- 
tion. Any marked excess of alkali must be avoided. 

_ (a) Preparation of color standard.—We have found that 
‘more uniform and satisfactory results in neutralizing can be 
attained by preparing a color-standard for comparison. Our 
method of accomplishing this is as follows: About 20 ce. of 
fresh skim-milk and 80 cc. of water are put into a 200 cc. flask 
and a small amount of mercuric chlorid added to prevent 
-souring. A few drops of ordinary carmine ink are consider- 
ably diluted with water and this is carefully added, a few 
drops at a time, to the diluted skim-milk until a faint but 
distinct pinkish coloration appears. This can be more readily 
and accurately perceived by placing beside the flask another 
flask half full of uncolored diluted skim-milk. The coloration 
must be as slight as possible and yet be appreciably distinct 
‘when compared with uncolored milk. After the color-standard 
thas been prepared, the flask is stoppered. It is well to keep 
this standard in a dark place when not in use. With some 
‘carmine colors, the pinkish shade in the milk deepens on 
Standing, especially when exposed to light, and with others 
it may fade. If at any time a deeper shade is observed, the 
proper shade can be reproduced by shght dilution with skim- 
milk; in case of fading, the addition of one or more drops of 
carmine ink is needed. The object of using skim-milk in pre- 
paring a color-standard is to avoid the presence of fat which, 
in case of whole milk, Separates on standing, adheres to the 
sides of the flask and obscures the color. 

({b) Use of color-standard—In neutralizing a sample of 
milk, the color-standard is placed beside the sample under 
*xXamination for constant comparison after each addition of 
/Ukali. The flasks should be placed on a white surface and 
na good light in order to render more sharp the observation 
ft the coloration. In fresh milks, it is usually found that 3 
pr 4 cc. of alkali is sufficient to neutralize the milk. In cases 
\where milk is not strictly fresh or where it has been kept 


for some time with mercuric chlorid, usually from 5 to 10 ec. 
or even more may be required. One can usually add 2 or 3 
ce. of alkali at the start and then add it in smaller portions, 
until the milk begins to show signs of neutrality. After that 
the alkali is added a drop at a time, the flask being shaken 
and the color being observed after each addition. The opera- 
tion of neutralizing should be performed only in a good light, 
sufficiently strong to enable one to observe slight changes of 
coloration. Persons accustomed to the determination of the 
acidity of milk, cream, etc., should have no difficulty in obsery- 
ing the proper color point that indicates neutrality. A little 
experience, especially under proper instruction, will enable one 
to perform this step with rapidity and accuracy. = 
(3) Precipitation of casein. (a) Addition of acid.—Into the 
neutralized sample of diluted milk, which should be at a 
temperature of 65° to 75° F., one now runs from a burette 
some of the standardized acetic acid, adding the acid approxi- 
mately in 5 ce. portions and agitating vigorously for a few 
seconds after each addition. It is usually safe to add about 
25 ce. of acid before examining the milk to see if the casein 
separates in the form of white flakes. After adding 20 to 
25 ce. and shaking, the mixture is allowed to come to rest. 
If enough acid has been added, the casein separates promptly 
in large, white flakes, and, on standing a short time, the liquid 
above the settled casein appears clear and not at all milky. 
If the addition of 25 cc. of acid is insufficient to separate the 
casein properly, add 1 ce. more of acid and shake; continue 
the addition of acid, 1 cc. at a time, until the casein is observed 
to separate promptly and completely on standing at rest a 
short time. The number of cubic centimeters of acid used to 
effect precipitation is noted and this result is recorded as A. 
(b) Influence of temperature.—For convenience of work and 
uniformity of results, the temperature of the mixture at the 
time of the addition of acid may be between 65° and 75° F. 
Under these conditions, we have found that in most of the 
milks with which we he worked 30 cc. of acid gives satis- 
factory results. In some cases, especially with the milk of 
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cows far along in lactation and high in casein (3.5 to 4 per 
ct.), we have had to use as high as 35 to 40 cc. of acid. We 
have seldom found any case in which 25 cc. of acid was exces- 
sive. The amount of acid may be 2 or 3 ec. in excess of that 
required to effect complete precipitation without seriously 
affecting the accuracy of the results, provided the temperature 
of the mixture is below 75° F. At temperatures above 75° F., 
good results are attainable, but care must be taken not to 
use much excess of acid; and, of course, the higher the tem- 
perature, the less will be the amount of acid required for 
precipitation. Extra care must be used at higher tempera- 
tures in regard to the use of any marked excess of acid for 
the following reason: The higher the temperature, the more 
easily does casein dissolve in the presence of free acid,* the 
effect being to reduce the results of the test in percentage of 
casein. In working at temperatures under 65° F., the casein 
Separates more slowly or requires more acid to separate 
‘promptly. In case of milk that is much below 65° F., it is 
well to use for dilution water that is at a temperature of 
about 80° F. 

(4) Filtration of casein. After the casein is completely 
precipitated, pure, soft water (preferably, distilled), is added 
until the 200 cc. mark is reached and the contents are then 
vigorously agitated 10 or 15 seconds, in order to make the 
_ distribution of acid through the mixture as uniform as possible. 
The contents of the flask are then poured on a dry filter and 
the filtrate caught in a beaker or cup. The funnels, filters 
and beakers or cups should all be dry before being used. It 
is well generally to allow the filtration to continue until 
practically all of the liquid has run into the beaker or cup. 

(a) Rapidity of filtration The usual time of filtration 
should not exceed 3 to-5 minutes. The rapidity depends upon 
the temperature of precipitation and the completeness of the 
Separation of casein. In general, the higher the temperature 
of the mixture when precipitated with acid, the more rapid 
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should be the filtration, other conditions being uniform. In 
case of insufficient acid, the filtration is slower. 


(b) Appearance of filtrate——The filtrate should be quite 
clear, though this is not always a sure indication that the : 


ont amount of acid has been added to effect complete precipi-- 


tation and release casein entirely from its combination. Somes : : 
times the filtrate may be clear when not quite enough acid — 
has been added, in which case the percentage of casein found ~ 


is apt to be low; under such circumstances, filtration is — 
usually slow. In case of milks rich in fat, a slight turbidity — 
may appear, due to fat-globules in the filtrate. The filtrate — 


should be free from all signs of marked turbidity or anytking © 
like milkiness. If such a filtrate appears, a new sample of — 


milk should be taken and the operation repeated from the 
beginning, more acid being used than before. With a little 


experience, especially under proper instruction, no difficulty ~ 
should be found in recognizing quickly when the casein is © 


separated so as to give satisfactory results. 


(5) Titration with alkali. After filtration is completed, one 5 


measures 100 cc. of the filtrate with the pipette into a beaker : 
or cup and then from the burette runs into this the standard U 
alkali until a faint, but distinct, pink color remains clearly : 
marked through the solution for half a minute or longer before ‘ 
beginning to fade. The number of cubic centimeters of alkali : 


used is noted and this result is recorded as B. 


; 

The last portions of alkali must be added carefully, a drop — 
at a time, agitating the mixture well after each addition. The — 
exact neutral point is not perfectly sharp on account of the — 


presence of phosphates, and the ‘appearance of the desired © 
coloration is, therefore, not as sudden and pronounced as. 
might be desired. With experience one should have no diffi- 


culty in getting within one drop of the correct amount of 
alkali. The chief precaution to be observed is to have the 


same shade and duration of color every time. Thus one should — 
not in one titration add alkali until a deep pink coloration — 
appears, lasting for some minutes, and then in another, a 


coloration that disappears within 5 seconds. In the case of 
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sept: 


Poe 2 ewe 


aoa «(x 


243 


milk rich in phosphates, the solution usually grows quite 
turbid as the neutral point is approached, making it neces- 
sary to use more care in observing the color of the end-point 
of the reaction. 

If one desires to make a second titration of the same filtrate, 
one can use 50 cc. of the remaining portion, multiplying the 
result by 2 and recording this as B. 

(6) Calculation of results. The calculation of the per- 
centage of casein from (1) the amount of acid used (4) in 
precipitating the casein. and (2) the amount of alkali used 
(B) in neutralizing 100 ce. of filtrate, is very simple. Divide 
A by 2 and from the result subtract B; or, expressed as a 
formula, 

A 
— — B = Per ct. of casein in milk. 
9 


a 


Example: One uses 30 ce. (A) of acid in precipitating casein 
and 11.95 cc. (B) of alkali in neutralizing 100 ce. of filtrate 
(one-half of filtrate from the casein precipitate, corresponding 
to 9 grams of milk). Substituting 30 for A and 11.95 for B 
in the formula, we have 


30 
— — 11.95 = 15 — 11.95 = 3.05 (the percentage of casein in 
me 
: milk). 


(7) Use of preservatives. In making a casein determination 
by this method, it is desirable when possible to use 
milk not more than 24 hours old, which has_ been 
kept in a cool place. Milk which is sour or which 
Coagulates on heating can not be used with satisfactory results. 
However, by adding to fresh milk powdered mercuric chlorid 
(corrosive sublimate) in the approximate proportion of 1 part 
to 1,000 or 1,500 parts of milk, and then keeping the mixture 

'at a temperature of 50° F. or lower, we have been able to 
Obtain satisfactory results with milk that had been kept two 
to three weeks. Milk thus treated should be shaken often 
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enough to keep the fat well incorporated in the body of th 
milk. The desired amount of mercuric chlorid may 
approximately measured by taking the quantity that will | 
easily lie on the surface of a silver dime for one quart of 
milk or, more conveniently, the amount held by a 0.22-inch, — 
pistol cartridge-shell 44 inch long, when loosely filled. A stiff 
wire soldered to such a shell makes it convenient to handle. — 
Commercial mercuric chlorid tablets containing coloring- matter 
can not be used. re 

(8) Summary of precautions. Below we give in outline the pe 
special points to be observed with care in performing the 
operations of the test, assuming that the graduated can 
is accurate and the solutions of correct strength. 2 

(a) Preliminary neutralization. In the neutralization of i 
the sample of milk, excess of alkali must be avoided, which can _ 
be controlled by the use of a properly prepared color-standard, 

(b) Conditions of precipitation. Before precipitating with — 
acid, have the dilute, neutralized milk at a temperature be- 
tween 65° and 75° F. Add enough acid to cause the casein — 
to separate promptly in large flakes, leaving the supernat 
ant liquid clear. Shake the mixture vigorously at inter. 
vals during the addition of acid; also after complete precipi- 
tation and again after dilution to the 200 cc. mark. a 

(c) Filtration. Allow most of the liquid to run through ~ 
the filter before making the final titration with alkali. a 

(d) Titration with alkali. In titrating the filtrate with 
alkali, avoid an excess of alkali. Add the alkali solution 
cautiously until, after thorough agitation, a faint but distinct — 
pink color remains through the solution half a minute or — 
longer. The same uniform shade and duration of pink color E: 
should be obtained as nearly as possible in all cases. - 

(e) Acid milk. Milk that is sour or that.coagulates on heat- q 
ing should not be used. a 

(f) Use of preservatives. Milk treated, when fresh, with 
a small amount of powdered mercuric chlorid and then kept — 
in a cool place gives good results for two or three weeks. __ 
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“PATA ILLUSTRATING RESULTS OF USE OF METHOD 


We present below some of the data obtained which will 
serve to give a general idea of the results obtained by our 
volumetric method in determining the percentage of casein 
in cow’s milk. For the most part, we have worked with the 
milk of individual cows which were in all stages of the lacta- 
tion period. We have thus met with more extreme variations 
and more peculiar conditions than would usually be found in 
examining herd milk. It is possible that under some unusual 
conditions which have not come under our observation, it 
may be found that the method may need some slight modifi- 
cations in details. But so far as our observations go, varying 
conditions may be met by adjusting the amount of acid used 
to the requirements of complete precipitation of casein, which 
becomes largely a matter of experience. 

The data below represent the results obtained by three dif- 
ferent workers, one of whom possessed only such training 
as comes from determining the acidity of milk, cream, etc., 
and who had received only slight instruction in the use of 
this method. For comparison, results by the “ official” method 
are also given. | 


PERCENTAGES OF CASEIN INTMILKS AS}DETERMINED BY DIFFERENT WORKERS 


No. of sample Official Volumetric method 
method 
1 2 3 
SS aa 3.09 3.00 2.95 3.10 
eer 3.36 3.40 3.45 3.45 
rari 3.21 3.30 3.40 3.30 
er 3.16 3.20 3.20 3.10 
a5 SC 2.95 2.90 2.90 2.80 
eee aed i 3.05 3.10 3.15 
OEE eras 2.66 3.00 3.00 3.05 
i 3.34 3.20 3.00 3.10 
ek oc aga 3.62 3.55 3.60 3.55 
| 3.20 3.30 3.20 3.10 
en | 3.22 3.20 3.00 3.19 
rr 2.68 2.85. 2.75 2.80 
aa 2'.92 3.00 2.90 2.90 
area 2.79 2.85 2.80 2.95 
ara 2.84 2.85 2.80 2.70 


Results of different workers are usually within 0.2 per et. 
of the official method. Variations greater than tbis have been 
found to be due to failure to observe with proper care the : 
various precautions indicated. 4 

The method was placed in the hands of the ie students a 
of the College of Agriculture of Cornell University during the | 
winter of 1908-9 for the purpose of ascertaining whether uni- — 
form results could be obtained by different individuals. Satis- — 
factory results were reported. Dr. Redfield, also of Cornell = 
University, reports that the method gives excellent résults ing 
his hands. | 

The following table contains data illustrating the results ‘ 
of casein determinations made in fresh milks and after 3 and — 


7 days in the same milk containing mercuric chlorid. ‘ 
PERCENTAGES OF CASEIN IN MILK TREATED With Mprcuric CHLORID. a 

Official method Volumetric method 
Fresh milk Fresh milk At 3 days At 7 days —@ 
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USE OF OTHER ACIDS AND ALKALIS 


Other alkalis (hydroxids of barium and calcium) and other 
acids (hydrochloric and sulphuric) were employed in develop- 
ing the test but were not found to give satisfactory results. 
In the Matthaiopoulos method, sulphuric acid is used. The 
special advantage of dilute acetic acid, as compared with 
the other acids tried, lies in its smaller dissolving and adsorb- 
ing properties for casein.°® 


MODIFICATIONS FOR USE OF CHEMISTS 


Instead of using 17.5 cc. (18 grams) of milk, and the special 
strength of solutions indicated, it may be found more con- 
venient in chemical laboratories to use 20 cc. of milk and 
tenth-normal solutions of acid and alkali. In such cases, the 
method is carried out in the usual manner and the per- 
centage of casein calculated by the following formula. 


A 
. — — Db x 1L0964:=— per ct. of. casein. 


9) 


By using 22 cc. of milk and tenth-normal acid and alkali, 
the formula becomes 


A 
— — B = per ct. of casein: 


F) 


and 


Bach cubic centimeter of standard solution corresponds to 
ene per ct. of casein in milk under these conditions. 


USES OF CASEIN TEST 
A simple method for determining casein in milk can be 
utilized to advantage under a variety of conditions, and we 
will briefly consider some of the principal opportunities for 
its application. 
°N. Y. Agr. Expt. Sta., Tech. Bul. No. 3. 
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(1) In dairy schools.—As a mattcr of general education 
training in making a laboratory study of the composition Obe 
milk, a casein test has value, independent of its possible prac 
tical applications. : 

(2) In dairy nutrition investigations.—In many dairy ae 
vestigations of nutrition problems, it is desirable to know 
the percentage of casein in milk. This facter has frequently 
been omitted on account of the amount of work involved in : 
determining casein by the “ official” method. 

(3) In studies of composition of milk.—In chemical labora-~ 
tories, especially those connected with agricultural experiment _ 
stations, where systematic studies of the composition of milk 
are being made, the determination of casein is usually a neces- : 
sity, if results of value are sought. ; 

(4) In municipal and state inspection laboratories. —The 
inspection of milk by municipal and state authorities has rarely 
taken casein into consideration in determining the normal 
character of milk. The relation of fat and casein can be made 
a desirable basis for ascertaining when fat has been removed 
from, or skim-milk added to, normal milk. a 

(5) In the preparation of modified milk for infant feeding. = 
It is a common practice among physicians to modify cow gs 
milk on the basis of the relation of fat to casein for feeding 
infants. The general purpose is diminution of the ratio of 
casein to fat as it ordinarily exists in cow’s milk. The prepara- 
tion of modified cow’s milk for such purposes has usually been 
based on guess-work. The ability to determine easily the 
amount of casein, as well as fat, in cow’s milk gives physicians 
a control of the process which they have not previously had. 

(6) In cheese-factories.—The relation of casein and fat in 
milk is an important one in connection with cheese-making. — 
There are times when the normal ratio is so disturbed as to 
call for modifications of the process of cheese-making or else 
serious loss of cheese yield is apt to be experienced. Thus, in 
times of severe drought, the casein usually decreases in relation 
to fat to such an extent as to result in large losses of fat, 
when the usual conditions of cheese-making are followed. 
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Such losses may be prevented by proper modification of the 
conditions of cheese-making. If a cheese-maker at such times 
were to determine the amount of casein and fat, he would then 
know the cause of the difficullies and also the remedy. In the 
case of cheese-makers who have had the advantage of a dairy- 
school training, much interest and value could be added to the 
work of cheese-making by determining the percentage of casein 
in the mixed milk daily or weekly through the season. 

Statements have for some time appeared at intervals in the 
agricultural press to the effect that the determination of casein 
‘in milk “bears the same relation to the cheese industry that 
the determination of the fat content by the Babcock test does 
to butter-making”’ and will do “ for cheese men what the Bab- 
cock test did for buttermakers.” Such statements are decidedly 
misleading, being based on a crude and superficial understand- 
ing of the relation of fat and casein to the yield and quality 
of cheese, a question which is fully discussed in Bulletin No. 
308 of this Station. 
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TECHNICAL BULLETIN No. 11. 
Iy CoOPERATION WITH VERMONT AGRICULTURAL EXPERIMENT STATION. 


THE BACTERIAL SOFT ROTS OF CERTAIN 
VEGETABLES. I: 


PART I. THE MUTUAL RELATIONSHIPS OF THE 
CAUSAL ORGANISMS. 


H. A. HARDING anv W. J. MORSE* 


SUMMARY. 


1, This is part of an investigation of the soft rots of cabbage, 
cauliflower and turnip, conducted jointly by the Agricultural 
_ Experiment Stations of Vermont and New York, and deals with the 
_morphology and cultural characters of 43 strains of organisms. 

2. These strains have been found in connection with the 
soft rots of a considerable number of the common fleshy vege- 
| tables and some of them have been described in literature as 
separate species. 
_ 3. These strains appear to be identical in morphology 
'and a cultural study upon more than 12,000 cultures did not 
‘indicate any constant cultural differences aside from the fer- 
| mentation of sugars. 
| 4. The results from 1,500 fermentation-tube tests indicate 
that the entire group attacks dextrose, lactose and saccharose 
| with the formation of acid and growth in the closed arm but 
} that the amount of gas normally formed is so close to the amount 
‘Tequired to saturate the liquid in the fermentation tube that 
| the appearance of gas in the closed arm is very irregular. 
5. On account of this observed variation in gas formation 
the organisms are arranged in six groups each with its appro- 
‘Ptiate group number. So far as it has gone this study does 
‘not show that more than one species, in the customary meaning 
‘of the term, is represented in this collection of organisms but 
the final word in their classification should be deferred until 
after a study of the pathogenicity of these cultures. 


| *During his studies of this problem Prof. Morse was Assistant Botanist of 
\the Vermont Station; he is now Plant Pathologist of the Maine Station. 
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INTRODUCTION. 


Almost every year the attention of plant pathologists 1 
directed toward soft rots of some of the fleshy vegetables and 
iv the aggregate the economic losses from this class of diseases S 
are large. In a number of such diseases the causal organism 
has been isolated, studied and given a specific name. These 
rot-producing organisms are often closely related, so closely, 
in fact, that in working with a freshly isolated pathogen of 
this class one is usually in doubt as to whether the culture. 
under consideration is a new species or a representative éf a 
species already described. 

The attention of one of us (H) was first directed to chil 
eroup in 1897, in connection with an experimental study of the 
black rot of cabbage, at the University of Wisconsin. The soft 
rot of cabbage was observed! in the experimental fields and 
cultures made. When it was found that the organism present 
in the rotting tissue was distinct in its chromogenesis and other 
cultural characteristics from Ps. campestris, the germ causing 
the black rot of cabbage, the study of the soft-rot germ was 
not carried further. In 1898, while studying the distribution 
of Ps. campestris in Europe, a white liquefying organism was 
again encountered in connection with a soft rot of various 
members of the turnip family. Since 1899 study of this or 
ganism has been in association with Mr. F. C. Stewart, i. 
nist at the New York Agricultural Experiment Station. 

In 1896, Mr. Stewart made successful inoculation expe i 
ments using germs isolated from diseased cabbage on Long 
Island and reproduced the soft rot as it appeared in the cab- 
bage fields. In the following year he likewise determined 
experimentally that a destructive soft rot of Amorphophallus 
simlense could be reproduced under proper conditions by the 
inoculation of a pure culture of a species of bacterium which 
he had isolated from diseased plants of this species. No ex- 
tended study of these causal organisms was conducted at this 
time. Since 1900 a comparative study of the bacteria causi: 


1 Russell, H. L. and Harding, H. A. A bacterial rot of cabbage and allied 
plants. Wis. Agr. Exp. Sta. Bul. 65, p. 22. 1898. . 
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the soft rots of cabbage and cauliflower has been conducted at 
the New York Agricultural Experiment Station. A prelimi- 

nary report? of this work was read before Section G of the 
American Association for the Advancement of Science at 
Pittsburg, Pa., June 30, 1902, and printed in Science, August 
22, 1902. 

In 1898 Professor L. R. Jones of the University of Vermont 
isolated an organism which produced soft rot in carrots and 
other vegetables and later described this organism under the 
name of Bacillus carotovorus.* In the summer of 1899, being 
convinced that the soft rot of the cabbage was a disease closely 
allied to carrot rot, as to cause and attendant phenomena, he 

started a student assistant, Mr. F. R. Pember, on the study 
of the cabbage rot. Mr. Pember secured three organisms re- 
sembling B. carotovorus and like that capable of producing 
-asoft rot of vegetables and made comparative studies of them. 
In 1901 the comparative study, at the University of Vermont, 
of the morphology and pathogenicity of this group of rot- 
producing organisms was assigned to one of us (M) and over 
“a score of pathogenic cultures were isolated from various 
sources. Meanwhile Professor Jones was at work upon the 
question of the production and activities of the toxic sub- 
Stances and wall-dissolving enzyms which are elaborated by 
these bacteria. 

The fact that these similar lines of investigation were being 
conducted at these adjoining Stations becoming known, a 
conference was held between the representatives of the two 

_ Stations in July, 1902, and the work of studying the soft rots 
of these vegetables was divided as follows: The determina- 
tion of the mutual relationships of the germs involved was 
assigned to Messrs. Harding and Morse; the study of the 
enzyms elaborated and their relation to the host plants to 


— 


_? Harding, H. A. and Stewart, F. C. A bacterial soft rot of certain cru- 
— plants and Amorphophallus simlense. Science, N. 8., 16: 314-315. 
§Jones,-L. R. Bacillus carotovorus, n. sp., die Ursache einer weichen 
| Faulnis der Mohre. Centbl. Bakt. u. Par., I, 7: 12-21; 61-68. 1901. Also, 
Jones, L. R. A soft rot of carrot and other vegetables. Ann. Rep. Vt 
Agr. Exp. Station 13: 299-332. 1901. 
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Mr. Jones; while the pathogenicity of the germs and the ~ 
economic relations of the diseases were left to the activiti 
of both Stations. Later, owing partly to the transfer of Mr. 
Morse to the Maine Station, it was decided that the work on 
the pathogenicity should be carried out at the New York 4 
Station. It was hoped that the three parts of this investiga: 
tion might be published together, but this does not seem to . 
be practicable. Accordingly, the present paper deals with the 
first two divisions, leaving the third to appear later. ; 
The economic importance of this inquiry les mainly in : 
connection with the rots of carrots, cabbage, cauliflower and — 
turnips. In order more fully to understand the relation of — 
the organisms causing these rots it seemed desirable to in- — 
clude a study of a number of bacterial forms which have been 
known to cause similar diseases in other cultivated plants. 
Where these organisms are sufficiently similar as to be able 4 
in turn to attack the above vegetables their importance in — 
connection with any rotation of crops is evident. a 
It is a matter of regret, in view of the close relationship 
which has been found between pathogens on such a wide 
range of plants, that the circumstances did not permit a com- — 
parative study of all the germs known to cause soft rots of 
plants. It is evident that such a study would yield results — 
of great value. : 4 
The earliest isolation of this class of organisms which has — 
come to our attention was that by Professor Pammel in 1892. _ 
His attention had been called to a destructive rot of rutabagas _ 
and yellow turnips and he states that he “carefully remoyed — 
with a sterilized scalpel some of the black areas adjoining q 
healthy tissue with a platinum needle, using the test tube of — 
agar. - Several forms of bacteria were obtained, and one of 
these, a bacillus producing a whitish growth on the surface — 
of the agar, when inoculated into an apparently healthy ruta- 
baga produced rot.’* These fields were undoubtedly like 5 
many which have since come under our observation in that : 
there were two distinct diseases present at the same time. 
Having later obtained well-marked results from inoculations | 


4 Pammel, L. H. Bacteriosis of rutabaga. (Bacillus campestris, Nn. sD) ; 
Iowa Agr. College Exp. Station Bul. 27, p. 138. 18965. e 
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with a yellow organism which he named Bacillus campestris, 

no further work was done with the white organism which, 
in the light of later experience, appears to have been the more 
important pathogen. | 

Strictly speaking, the black rot of cabbage and allied plants, 
caused by Bacillus, or as it is now called, Pseudomonas cam- 
pestris, should be included among the soft rots. While this 
disease ordinarily manifests itself by a drying and browning 
of the foliage it also often appears as a soft rot of the fleshy 
tissue. However, as its causal organism can be easily dis- 
tinguished from the germs producing the soft rots which we 
have been studying, we have not included Ps. campestris 
among the organisms discussed in this paper. 

As has been already suggested, the prime object of our 
study was to remove the present confusion which exists as to 
the relationships of the closely allied, white organisms which 
cause the soft rots of the carrot, turnip, cabbage and cauli- 
flower. 

SOURCES OF OUR CULTURES. _ 

Professor M. C. Potter presented the results of his study 

Of a bacterial disease of turnips to the University of Durham 
| Philosophical Society® in December, 1898, in which he named 
the causal organism Pseudomonas destructans, and presented 

a very similar paper at the British Association® meeting at 
_ Dover in September, 1899. The published abstracts of these 
_ papers characterized this disease as a white rot and included 
| a brief description of Pseudomonas destructans. Aside from 
the pathogenicity, his description in these first papers is so 
brief that it is very doubtful if his organism could be recog- 
nized by its aid. He characterized the organism more fully in 
a paper read before the Royal Society’ in December, 1900, and 
translated later into German.’ Judging from correspondence 

*Potter, M. C. On a bacterial disease—white rot—of the turnip. ' From 
, Univ. of Durham. Philo. Soc. Proc. Nov., 1899 

®Potter, M. C. On white rot—a bacterial disease—of the turnip. 
British Asso. for Adv. of Sci. Report for 1899: 921-922. 1900. 

"Potter, M.C. Ona bacterial disease of the turnip. (Brassica Napus). 
Royal Soc. of London, Proc. 67: 442-459, 1901. Reviewed also in Ztschr. 
_Pflanzenkr.; 12: 170. 1902. 


*Potter, M. C. Ueber eine Bakterienkrankheit der Riiben (Brassica 
| Napus). Centbl. Bakt. u. Par., II, 7: 282-288; 353-362. 1901. 
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with Prof. Potter, the causal organism had been lost before 
the autumn of 1902. In February, 1903, he kindly furnished 

us, for use in this comparative study, a culture which he had 
| freshly isolated and believed to be Pseudomonas destructans, — 
However, a flagella stain showed that this was a peritrichie } 
organism and accordingly would be classed, according to 
Migula, as a bacillus. 4 

The organism which we received can hardly be looked upon — 
as an accidental contamination since it is a typical member 
of the group producing soft rot in plants and is undoubtedly 
a true English representative of this widespread group. The 
failure of Prof. Potter to reisolate a Pseudomonas from de- 
caying vegetables is not surprising in view of the fact that 
during the years in which we have been frequently making 
such isolations we have never isolated a white hiquetya 
Pseudomonas producing this decay. 

Later we obtained a culture labeled Pseudomonas destruc- 
tans from Kral, but this was possibly derived from the same 
culture sent us under that name by Prof. Potter as it wag 
likewise a bacillus. 

In January, 1909, Prof. Potter kindly furnished us with’ a 
third freshly isolated culture of Pseudomonas destructans. 
The arrangement of the flagella on this was also peritrichiate 
and consequently it should be classed as a bacillus. In this 
paper the culture furnished us by Prof. Potter in 1903 will be 
designated as Potter’s Bacillus. 

Reference has already been made to the publications P 
Professor Jones on the soft rots of carrot and other vege 
tables. These publications not only included an extended ; 
description of Bacillus carotovorus, but also gave the results. 
of extensive tests of its pathogenicity when inoculated into 
a large number of common vegetables. These results showed | 
that, under proper conditions, soft rots of a long list of com: 
mon vegetables could be produced by inoculations from a pure ; 
culture of this germ. Fortunately the original type culture 
of Bacillus carotovorus has been preserved by Professor J ones 
and was available for use in this comparative study. | 
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_ Professor F. C. Harrison presented a paper at the Pitts- 
burg meeting of the American Association for the Advance- 
ment of Science, entitled “ A preliminary note on a new organ- 
ism producing rot in cauliflower and allied plants,”’® in which 
he briefly described the causal organism which he there named 
Bacillus olereaceae. In a later publication’? he gave a very 
full account of the behavior of Bacillus olereaceae on different 
culture media as well as the results of inoculations of pure 
cultures of this bacillus into many of the common vegetables. 
As the result of such inoculations he reported soft rot being 
reproduced in cabbage, cauliflower, turnip, rutabaga, rape, 
radish, parsnip, carrot, mangel, sugar beet (slight), potato, 
celery, tomato (both ripe and green), artichoke (Jerusalem), 
asparagus, horse radish, rhubarb, and onions. When we ap- 
plied to Professor Harrison in 1902 for a culture of Bacillus 
olereaceae he was unable to furnish it because of the loss of 
all of his stock, but we were so fortunate as to obtain an 
authentic culture from one which he had previously furnished 
to Dr. Erwin F. Smith. 

An interesting contribution to this subject was made in 
1902 by Dr. A. Spieckermann™ of the Agricultural Experi- 
ment Station at Miinster, Germany. He isolated an organism 
Which he found to be able to reproduce a soft rot in a con- 
Siderable number of the common vegetables when inoculated 
into them in pure culture. The cultural characteristics of 
this organism differed in some particulars from the ones al- 
ready described by Potter and Jones, being identical, as will 
be shown later, with the organism afterwards found and 
hamed by Townsend.’? However, Spieckermann did not name 
his organism, but in January, 1903, he kindly furnished us 
with a culture which will be referred to in this publication 

as Spieckermann’ s Bacillus. 


y Harrison, F. C. Preliminary note on a new organism producing rot in 
cauliflower and allied plants. Science, N. 8., 16: 152. 1902. 

Harrison, F. C. A bacterial disease of cauliflower (Brassica olereaceae) 
and allied plants. Ontario Agr. College Bul. 187. 1904. 

" Spieckermann, A. Beitrag zur Kenntniss der bakteriellen W undfaulnis 
der Kulturpflanzen. Landw. Jahrb., 31: 155-178. 1902. 

* Townsend, C. O. A soft rot of the calla lily. U. 8. Dept. of Agr., B. 
P.1., Bul. 60. 1904. 
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On May 21, 1902, C. J. J. van Hall presented a doctorat 
thesis to the University of Amsterdam, entitled “ Bijdragen 
tot de kennis der Bakterieele Plantenziekten,”** in which he 
included an extended description of an organism producing 
a soft rot in the Iris family and designated by him as Bacillus 
omnivorus n. sp. Dr. van Hall later published a discussion 
of the pathogenicity** of Bacillus omnivorus and its manner 
of attack upon the iris bulbs and plants. While the soft rot 
of the iris was outside of the group which we originally in- 
tended to study we obtained a culture of Bacillus omnivorus 
from Kral and included it among the organisms studied. 

In 1904 Dr. C: O. Townsend'’ published a description of a 
soft rot of calla lily including that of the causal organism 
which he named Bacillus aroideae. Through the kindness of 
Dr. Townsend we were given a culture of this organism at 
the very beginning of our work and have made a comparative 
study of it in connection with the germs from the othe 
sources. 3 

In addition to these named cultures we have made a com- 
parative study of 37 others, isolated from various vegetables. 
Pember A and C were obtained from decaying cabbages by 
Mr. F. R. Pember in 1899. In the summer and fall of 1901 
one of us (M) isolated cultures XXV, XXVI, XXIX and 
XXXI from decaying early cabbages from the Vermont Hx- 
periment Farm garden; cultures XLVIII, XLIX, L, LI, LIL. 
LIV, LV and LVI from a field of late cabbages in South 
Burlington, Vt., and cultures XCIV, XCV, XCVI, XCVIIL, 
C, CI, CII, CIII from cabbages in a private storage house 
at Burlington, Vt. In 1903, an organism, designated as Tur- 
nip Rot D, was isolated at the Vermont Agricultural Experi- 
ment Station laboratory from decaying turnips growing on 
the same land from which were obtained the cabbage soft TOR 
organisms XXV-XXXI two years previously. 


% van Hall, C. J. J. Bijdragen tot de kennis der Bakterieele Planten- 
ziekten. Doct. Thesis. Univ. of Amsterdam. 1902. 

“van Hall, C. J. J. Das Faulen der jungen Schésslinge und Rhizome yon 
Iris florentina und Iris germanica, verursacht durch Bacillus omnivorus 
v. Hall und durch einige ayer Bakterienarten. Zischr. Pflanzenkr., 18: 
129-144. 1903. , ' 

16 See footnote 12. 


259 


_At the New York Agricultural Experiment Station labora- 
tory culture 0.2 e was isolated from a decaying cauliflower 
from Long Island in November, 1901. Culture 0.2 f was iso- 
lated in March, 1902, from a diseased cauliflower plant in 
the green house. Eleven days previous this cauliflower plant 
had been carefully inoculated with a pure culture of 0.2 e in 
order to test the pathogenicity of this culture and the re- 
isolation was made to determine the fact that the disease 
which had been produced was actually caused by 0.2 e. The 
inoculation had been made as aseptically as possible and the 
point of inoculation covered with melted grafting wax. The 
material for the reisolation was taken from the advancing 
edge of the diseased area and the plates indicated the presence 
of a pure culture in the plant tissue. 

In 1902 the cultures designated as Miller and Riverhead 
were isolated from decaying stalks of cabbage which had 
been planted commercially for the purpose of raising cabbage 
seed. The stalks were collected as typical examples of the 
early stages of the destructive rot which causes a heavy loss 
in the cabbage seed industry on Long Island practically every 
year and there were two stalks from each of two fields located 
about 10 miles apart in the eastern portion of the island. 

Cultures labeled Miller Stalk 2 No. 1 and Miller Stalk 2 
No. 2 were derived from the same diseased stalk while Miller 
Stalk 3 No. 1, Miller Stalk 3 No. 2 and Miller Stalk 3 No. 3 
were likewise isolated at the same time from another simi- 
larly diseased cabbage stalk from the same field. Riverhead 
‘Stalk 2 No. 1 and Riverhead Stalk 3 No. 1 came from two 
‘cabbage stalks out of a second field. 

Cultures 0.2 RBe and 0.2 RBi were isolated in November, 
1901, from a rutabaga. This was obtained from a private 
garden near Phelps, N. Y., and the upper portion of the ruta- 
baga was soft and vile smelling. The cultures were prepared 
from blackened fibro-vascular bundles passing through the 
apparently sound tissue of the rutabaga. Both cultures were 
‘Obtained from the same plant. 

The cultures Cornell I, III and V were isolated in October, 
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1904, from two turnips from an experimental field at the 
Cornel] Agricultural Experiment Station, cultures I and 1 
being from the same turnip. ze 

Thus this collection of cultures represents England, Hol 
land, Germany, District of Columbia, Canada, Vermont and 
widely separated points in the State of New York. They were 
derived from turnip, iris, rape, calla lily, cauliflower and 
cabbage. of 


METHODS OF WORK. 


On undertaking this comparative study in July, 1902, the 
first step was an exchange of cultures which had been isolated 
at the two Stations and a determination of their cultural 
characteristics.. The media used in this study, with certain 
exceptions, were prepared in accordance with the suggestions 
of the report of September, 1897,*° of the committee of the 
_American Public Health Association on standard laboratory 
methods. The reaction of the media used at the New York 
laboratory was uniformly 1.5 per ct. normal acid to phenolph- 
thalein while that used at the Vermont laboratory was the 
same during the earlier years of the study and later was made 
neutral to this indicator, as it was found that the organisms 
grew equally well, if not better, in a neutral medium. In 
the earlier work at the Vermont laboratory lean beef was 
used in preparing the media, but the resulting presence of 
muscle sugar in the broth led to the substitution of Liebig’s 
meat extract. At the New York laboratory this meat extract 
was uniformly used except on rare occasions when beef was 
used as a check. 7 

If these variations in the technique at the two laboratories 
had resulted in discordant ‘results they would have been re- 
grettable, but, as the results will show, such was not the case. 
On the other hand, the presence of these variations in the 
technique makes it all the more probable that the results 
here given can be duplicated in any laboratory where care ‘is 
given to approximating standard conditions of work. | 


ng Report of the committee on standard methods for water analysis. AP. 
ThA. Proc. (1897), 23: 66=100,, /1898: a 
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One of the important items which should never be disre- 
garded in comparative work of this kind is the vigor of cul- 
ture. Especially when they have been long subjected to arti- 
ficial conditions in a laboratory it is necessary to put the 
cultures through a revivifying process, a series consisting of 
transfers of young cultures through bouillon, gelatin and agar 
having been used with these germs. Comparative cultures 
were rarely made in duplicate but almost uniformly in tripli- 
cate. When cultures long in stock were tested without pre- 
viously revivifying, discordant results from the three simul- 
taneous cultures were occasionally obtained, while such com- 
parisons made after the stock culture had been revivified 
practically always gave more accordant results. 

- In separating these cultures the main difference is in their 
ability to ferment the different sugars. Accordingly it was 
absolutely necessary for accurate results that the broth which 
was used as the basis of these tests should be free from muscle 
‘Sugar. The absence of this sugar was determined by testing 
each lot of broth with B coli, and when found to be present 
the sugar was destroyed by the growth of this organism. By 
using meat extract it was found possible to prepare bouillon 
free from this sugar, and all of the broth used at the New 
York laboratory was in this way made free of muscle sugar. 


METHODS OF CLASSIFICATION. 


Those familiar with such work will appreciate the difticulty 
encountered in comparing determinations upon so many or- 
ganisms scattered over a term of years and made in different 
laboratories. It is rare that two sub-cultures from the same 
original will give identical quantitative and qualitative re- 
Sults on a variety of media when tested side by side and when 
considering the large number of cultures tested at different 
times and places the slight variations are bewildering, Some 
System of classification is absolutely essential to progress. 
A large part of the work and delay in connection with this 
Study was due to the absence of such a well-elaborated system. 
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The suggestion of Fuller & Johnson‘ that the most stable — 
reactions of bacteria could be printed on a card and the re- 
actions of the culture being studied could be indicated by 
+ or —, as the facts required, was a step in the right direction. 
As soon as there was a collection of these cards the difficulty 
of their arrangement became evident and this was met in an 
ingenious way by Gage and Phelps.** They devised a group 
number which both recorded the more important culture re- 
actions and provided a basis for an orderly arrangement of 
the cards. The value of these improvements was so evident 
that on this basis a committee of the Society of American 
Bacteriologists has worked out an official classification ecard. 
While this card is probably not in its finished form it hag 
such marked advantages over any other method of classifica- 
tion which is now available that it has been utilized in pre 
senting the results of the present study. | 

The Society card consists of three essential parts: (1) A 
group number (see page 263) along the lines originally sug- 
gested by Gage, which records the more important facts re- 
garding an organism and at the same time provides a means 
of arranging the records so that duplicates can be found 
readily; (2) A brief characterization (see page 264) which 
may be filled in by means of + or —, as suggested by Fuller 
and Johnson, and which serves as a means of further com- 
paring germs with the same group number; and (3) A pro- 
vision for tersely recording the detailed features of cultures 
upon the common media as first outlined by Chester’? (see 
page 284). ‘ 

The basis upon which the group number is computed ac- — 
cording to the Society card of 1907, is given in Table I. 


“% Fuller, G. W. and Johnson, Geo. A. On the differentiation and classifica- 
tion of water bacteria. Jour. Exp. Med., 4: 609-626. 1899. Similar article 
in A. P. H. A., Proc. 25: 580-586. 1899. 

18 Gage, S. DeM. and Phelps, E. B. On the classification and identifica- 
tion of bacteria with a description of the card system in use at the Lawrence 
Eee Station for records of species. A. P. H. A., Proc. 28: 494- 

05. 1908. 5 a 

* Chester, F. D. A manual of determinative bacteriology. MacMillan. 
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TABLE I, 


4 NUMERICAL SYSTEM OF RECORDING THE SALIENT° CHARACTERS OF AN 
ORGANISM. (GROUP NUMBER.) 


100. Endospores produced 
200. Endospores not produced 
10. Aerobie (Strict) 
20. Facultative anaerobic 
30. Anaerobic (Strict) 
-. Gelatin liquefied 
an Gelatin not liquefied 
0.1 Acid and gas from dextrose 
0.2 Acid without gas from dextrose 
0.3 No acid from dextrose 
0.4 No growth with dextrose 
.O1 Acid and gas from lactose 
.02 Acid without gas from lactose 
.03 No acid from lactose 
04 No growth with lactose 
001 Acid and gas from saccharose 
.002 Acid without gas from saccharose 
.003 No acid from saccharose 
.004 No growth with saccharose 
.0001 Nitrates reduced with evolution of gas 
.0002 Nitrates not reduced 
.0003 Nitrates reduced without gas formation 
.00001 Fluorescent 
.00002 Violet chromogens 
.00003 Blue ad 
.00004 Green ye 
.00005 Yellow 2 
.00006 Orange . 
.00007 Red - 
.00008 Brown Ke 
.00009 Pink . 
.00000 Non-chromogenic 
.000001 Diastasic action on potato starch, strong 


.000002 Diastasic action on potato starch, feeble 
.000003 Diastasic action on potato starch, absent 
.0000001 Acid and gas from glycerine 

.0000002 Acid without gas from glycerine 

.0000003 No acid from glycerine 

.0000004 No growth with glycerine 


_ The genus, according to the system of Migula, is given its proper symbol, 
which precedes the number, thus:. 


Baciuivus cour (Esch.) Mig. becomes B. 222 .111102 
BaciLLUS ALCALIGENES Petr. aR R a 212 .333102 
PSEUDOMONAS CAMPESTRIS (Pam.) Sm. ie et See Loot OL 
BacrErium surcipa Mig. “Bact. 222 .232203 


RESULTS OF OUR STUDY. 
The results of our attempt to classify these cultures repre- 
Senting four named species and thirty-nine other cultures iso- 
lated from diseased vegetables are given in Table II. 


TABLE II.—SHowING THE GROUP NUMBER AND OTHER CLASSIFICATORY FEATURES OF THE GERMS STUDIED. 
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The above table presents as concisely as possible the results. 
of observations made under 88 headings. These observations 
were made upon an average of 25 cultures for each of the 43. 
germs which were studied, or an average of approximately 
1,000 cultures for each heading. Owing to the fact that a 
single culture would furnish the information given under a 
number of headings, only about 12,000 cultures are actually 
represented in this table, although some thousand additional 
were required in the preliminary cultivations and in the re- 
vivifying process. 

While the above results are perfectly accordant in all of the 
items covered by + and — it would be misleading to assume 
that no apparently discordant observations were made. Every 
item was determined a number of times, usually in triplicate, 
and in practically all cases these determinations were made 
in both laboratories, the more important of them having been 
determined independently by four different workers. 

The importance of revivified cultures has already been em- 
phasized and it was in the determinations which were made 
previous to the application of this preliminary cultivation, that 
the larger part of the variation was encountered. However, 
revivication does not remove all of the tendency to vary which 
is resident in some of the cultures. 

In summarizing in the table the results which were not 
entirely accordant the rule has been followed that a single 
well-marked positive result was more important than a number 
of negative ones. Wherever a single positive result was 
marked as doubtful for any reason and the other observations 
were uniformly negative the test has been recorded as nega- 
tive in the table, but attention will be called to such cases in 
the following remarks. 

Pellicle on broth. The pellicle.on broth is usually thin and 
in many of the earlier observations it was recorded as absent. 
Careful observations on cultures which had not been disturbed 
showed that the pellicle begins with the formation of floating — 
masses of pseudozooglea which are gradually united into a 
delicate film. If the culture is even gently shaken these sink 
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and the pellicle which would have resulted is destroyed and 
may not be reformed. 

While this delicate pellicle may be taken as characteristic 
for the entire collection of cultures, six members of the B. 
921.1113022 group—B. olereaceae, CI, 0.2 f, Miller Stalk 3 
No. 8, Riverhead Stalk 2 No..1 and Miller Stalk 3 No. 1— 
have from time to time shown a pellicle somewhat stronger 
than the rest, which tends to hold together when shaken. The 
reasons for this variation have not been more closely deter- 
mined. 

Agar colonies. Townsend in his description of B. aroideae*® 
laid some stress on the diagnostic value of radiating surface 
colonies which appeared on lightly seeded agar plates that 
had been inoculated from fresh cultures and been held at 22° 


to 35° OC. Early in the work some attention was given to this 


point, particularly at the Vermont laboratory. It was found — 
that on lightly seeded plates these radiating, amoeboid-shaped 
colonies were usually produced by B. aroideae, Spieckermann’s 
Bacillus and Turnip Rot D, lending color to the idea that the 
absence of gas formation was in some manner correlated with 
a tendency to the formation of these colonies. However, the 
formation of these colonies was not restricted to these organ- 
isms and on at least one occasion they were formed by 0.2 f, 
Vermont XLVIII and Turnip Rot D when they were not 


formed by B. aroideae nor Spieckermann’s Bacillus, although 


} 
\ 


all five were tested together under parallel conditions of me- 
dia, temperature and dilution. 

At the New York laboratory no systematic study was made 
of this point partly because the work at the Vermont labora- 
tory indicated that it had no diagnostic value and largely 
because variations in moisture and temperature effect such 
marked changes in the colony growths of practically all bac- 
teria. The occasional formation of radiating colonies was 
observed in connection with a considerable number of the 


*® Townsend, C. O. A soft rot of the calla lily. U. 8S. Dept: of Agr. B. 
P.I., Bul. 60, pp. 17 and 39. 1904. 
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forms, but no determination was made of the exact conditions ae 
under which they were produced. | 

Potato discolored. The difficulty with this determination 
lay not so much in a variation in the cultures as in the dif- © 
ferent conceptions which various workers had of the meaning — 
of the term. As used in the table it refers to the formation — 
of the nearly white halo which is seen around the margin of 
the growth with certain species of bacteria. This was not 
observed with this collection of cultures. On the contrary, 
the portion of the potato not covered with the luxuriant 
glistening, creamy growth was ordinarily darkened to a faint 
brownish gray, the extent of this change varying apparently 
with the characteristics of the potato itself. 

Potato starch destroyed. This item has been added to the ~ 
classification card recently and the determinations were made 
at the New York laboratory only. The test was made on 
sterilized potato cylinders in test tubes upon which cultures 
were grown for two weeks. ‘These potato cultures were crushed 
in porcelain mortars and 50 cc. of water added to separate — 
the particles so that the effect of the iodine could be easily — 
seen. The presence of unchanged starch was determined by — 
the gradual addition of a weak solution of iodine in potassium — 
iodide. After a sufficient amount has been added to satisfy 
some of the other compounds which are present the starch 
grains are turned to a blue-black. The extent of the reduction 
of the starch by the bacterial growth is estimated on the basis : 


of similar tests of uninoculated potato cylinders. In none of 


these cultures was the starch reduction complete, but amyl-_ 
odextrin was formed. (See page 331.) This change was ex- © 
pressed by 2 in the appropriate place in the group number. 
For the details of this method of determining this action 
on the starch, we are indebted to Dr. Erwin F. Smith who 


assisted us by correspondence and by a demonstration in — 


connection with the meeting of the Society of American Bac- 
teriologists at Baltimore. ! 


Uschinsky’s Solution. The advantage of this solution lies 


7 
eP 
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in the definite chemical compounds used in its preparation, 
but unfortunately the variation in the results obtained from 
its use is wider than in a majority of the media ordinarily 
employed. Jones and Townsend found this medium. well 
suited to the forms which they studied earlier, but the use of 
this medium in the later study at the Vermont laboratory 
did not result in any visible growth. A test of the entire 
collection of cultures at the New York laboratory in 1909 
likewise failed to produce growth in any case. A study of 
the commercially pure chemicals which had been obtained 
from one of the most responsible houses revealed the fact that 
the compound supposed to be di-basic potassium phosphate 
was really the mono-basic salt. This produced a marked 
acidity in the medium and probably inhibited the growth. 
A redetermination with chemicals which were true to name 
gave an abundant growth in all cases. 

Gelatin liquefaction. All of the cultures in this collection 
produced an evident liquefaction in gelatin stab in all of the 
many tests except in the case of one series of cultures made 
at the New York laboratory in 1905, when the entire collection 
either liquefied very slowly or entirely failed to do so. Shortly 
before this date some attention was being given in Europe 
to the suggestion of van’t Hoff*! of the addition of formalin 
to gelatin to raise its melting point. The gelatin used in 
the above tests was of the “ Gold Label ” quality and had been 
imported through the regular channels. A discussion of this 
difficulty in the matter of liquefaction before the Society of 
American Bacteriologists at their Philadelphia meeting brought 
out the fact that a number of other workers had had similar 
experiences. With the substitution of a new supply of gelatin 
all of the soft-rot cultures again produced liquefaction: 

While all of these cultures produced an evident liquefaction 
of gelatin the rate at which this result was produced varied 
widely both among the different cultures tested at the same 
time and among the different tests of a single culture. The 
cultures known as Cornell I and Cornell V were isolated on 


+ van’t Hoff , H. J. Erhoéhung des Schmelzpunktes der Na&hrgelatin mittels 
Formalin. Centbl. Bakt. u. Par., I, 30: 368. 1901. 
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practically the same date from diseased turnips in the same 
field and the qualitative record of these cultures in the above 
table is identical in all particulars. They were as similar as 
two subcultures from a single source would be expected to 
be except in the matter of liquefaction. In parallel cultures 
made in triplicate at the same time, on gelatin stabs from the 
same flask of gelatin, from agar slopes treated as nearly alike 
as possible Cornell I produced large dry pits while Cornell V 
liquefied practically the entire stabs in three weeks. Again 
in his description of B. aroideae, Townsend called attention 
to the rapidity of its action, completing the liquefaction in 
3—5 days. In our studies the culture which he furnished us 
varied relatively from one of the more rapid to one of the 
slowest in the collection. The rate and form of liquefaction 
appears to vary with what may be termed the general vigor 
of the culture and more especially with regard to the relation 
of the culture to oxygen. Unfortunately our knowledge of 
the factors which influence the cultures in these particulars 
is extremely fragmentary. 

Milk—Acid curd. The distinction between acid and rennet 
curds is of historical rather than practical value in the study 
of many bacterial forms. In this group the distinction can- 
not be made with certainty and different observers have varied 
accordingly. The formation of the curd is probably due to 
the joint action of an enzym and of acid. The record was 
made of acid curd + because there is an evident acid forma- 
tion preceding the curdling. | 

Casein peptonized. Here again the various observers dif- 
fered. markedly in their conclusions because the visible diges- 
tion of the curd is so slight that it cannot with certainty be 
differentiated from the shrinking which would result from 
the action of ‘the acid on the curd. The action of the various 
cultures on milk was alike and the final record of + was based 
on the results of milk agar plates prepared after the sugges- 
tion of Hastings’? where the ability of the organisms to attack 
the casein seems to be clearly brought out. an 


22 Hastings, E. G. Milchagar als Medium zur Demonstration der Erzeugung 
proteolytischer Enzyme. Centbl. Bakt. u. Par., II, 10: 384. 1902. 
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Indol. The production of indol by this collection of cul- 
tures is slight in all cases and the various observers have not 
always considered that the red color produced by the test was 
sufficient to be considered positive. However in both labora- 
tories series of tests have been considered as sufficiently de- 
cided to be classed: as positive. It will be: noted that this 
result is not in accord with the record of Townsend** with 
B. aroideae, but the disagreement is undoubtedly a matter of 
interpretation of results rather than a difference in organisms. 

Nitrate reduction. It was only in a few instances that the 
reduction of nitrates was not detected in the standard solu- 
tions. In all of these instances succeeding cultures showed 
the characteristic color reaction. The cultures which failed 
had not been revivified previous to the test. 

Gas formation. As has already been indicated the gas for- 
mation from dextrose, lactose and saccharose in the fermenta- 
tion tube offers a basis for classifying this collection of cul- 
tures. Owing to the importance of the observation on this 
point and to the somewhat conflicting results obtained with 
some of the cultures, the results of the various determinations 
are here given in Table III. 


Townsend, C. O. loc. cit. p. 32. 
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TaBLE III.—Berunavior or Sorr Rot BAcTERIA IN FERMENTATION TUBES. 
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It will be seen from this table that the determinations of | 
fermentative ability extended from 1902 to 1906, but that the 


larger amount of work on this phase of the subject was done 


in 1904 and 1905. Under laboratories, V and N’ refer to the 
Vermont and New York laboratories respectively. Under ob- | 
servers, M and H refer to the authors while S and P indicate | 
that the actual manipulations of the determinations were 
done by L. P. Sprague or M. J. Prucha, assistants at the two 
laboratories. These tests were made under the immediate — 
supervision of the authors, and the results were, for the most 
part, personally inspected by them, and they accept the respon- | 


sibility for their accuracy. 
Under group number is given the group number whi 
would result from the particular determinations in question 


and an inspection of this heading under each organism brings 


out sharply the variations observed. 


It should be remembered that each of the 550 detern aii 
tions of fermentative ability recorded in the above table was | 


conducted almost exclusively in triplicate, a comparatively 
small number having been made in duplicate so that this 
table really summarizes the results from approximately 1,500 


fermentation tube cultures.. It occasionally happens that in | 
a fermentation test in triplicate, gas will not appear in one 
or more of the tubes and this is especially liable to happen — 
where the total amount of gas is small, as in the case of this 
group of organisms. A complete record of these discordant | 


results was kept at the Vermont laboratory and the cases 
are indicated in the table by +. The total number of these 
eases observed at the Vermont laboratory was 23. At the 


New York laboratory where the card system of note keeping 
was being tried in various forms the record on the card was 


made on the basis of the triplicate test rather than that of 
the individual fermentation tube and the exact number of 
these variations is not known, but they were probably not 
greater than those given for the Vermont laboratory. 
In the fermentation tubes which were used the closed arm 
has a capacity of 10 ce. In all but a few cases the gas pro- 
duced had a volume of 1 cc. or less and accordingly was rée- 
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corded as 10 per ct. or less. Owing to the rounded form of 
the upper end of the fermentation tube it is difficult to esti- 


mate quantities under 10 per ct. with any considerable accu- 
racy. Since practically all of the determinations were under 
this amount an accurate measurement was not attempted at 
the New York laboratory, but fortunately this was practically 
always done at the Vermont laboratory and the resulting 


measurements are given in the table. 

A striking fact brought out by this table is the frequent 
failure to form gas which occurred in fermentation tests made 
with the same organism at different times. So marked was 
this tendency to vary that contradictory results were obtained 
with 21 of the 43 strains which were studied. This number 
would undoubtedly have been even larger if all of the strains 
had received an equal amount of study. Those with which the 
action on each of the sugars was tested on but two occasions 
make up 13 of the 22 strains among which variations were 
not noted. Taking the results as they stand there were 91 
out of a total of 550 tests which did not show gas where it 
was found at other tests. Accordingly, when making a fer- 
mentation test in triplicate with one of these cultures the 


chances were over 16 per ct. that the conclusion reached was 
diametrically opposed to the truth, provided we accept the 


contention that a positive result is of more value than a nega- 


tive result in fermentation test, proper care being used to 


prevent outside contamination and to provide uniform condi- 
tions. If this chance of error is considered as restricted to 
the strains with which variation was actually observed the 
above record does not express the actual gas-forming ability 
of the organism in 91 out of 347 observations, or 26 per ct. 
The influence of the revivifying process on the certainty of a 
correct result is shown by comparing the error noted when 
this preliminary treatment was given with the error when it 
Was omitted. Where the cultures had not been previously 
revivified, but inoculations were made into the fermentation 
tubes from young, actively-growing agar slopes, there was an 
error in 63 out of 189 observations, or 33 per ct. Where the 
cultures were given a preliminary cultivation as already ex- 
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plained (page 261), there were 28 errors out of 158 trial or 
18 per ct.: This. decrease: of: 15 persct70m practically one- 
half, in the inaccuracy of the test brings out clearly the impomt. | 
ance of revivifying cultures before pase to determine 
their fermentative ability. | 
Again it will be noted that the failure to form gas during 
a part of the tests is not equally distributed among the three 
Sugars, but that there are 47 cases with dextrose, 17 with 
lactose and 27 with saccharose. While it is true that a few 
more tests were made with dextrose than with either of the 
other sugars, this increase is not at all proportional to the 
larger number of failures. | 
In arranging Table III the organisms which had alwane 
formed gas from all of the sugars at all of the trials were | 
placed first, followed by those in which failures to form gas 
had been noted. These latter were arranged in the order of 
the frequency of this failure down to Miller Stalk 3 No, 1) 
which, while it formed gas from each of the sugars during | 
some of the tests, failed to do so in 13 out of 21 instances. — 
The fermentative vigor of these cultures was fairly pro- 
portional to this arrangement. The fairly distinct amounts 
of gas formed by the first cultures in the table gradually di-— 
minishes down the table until there is rarely more than a | 
small bubble with dextrose in the case of CII, CITI, XCVIII, 
XCIV and Miller Stalk 3 Nos. 1, 2 and 3. The amounts of 
gas formed from saccharose also undergoes a like shading 
down, but its formation in appreciable quantities continues 
beyond the point where the formation of gas from dextrose 
ceases. Beginning with Potter’s Bacillus there is a group 
which does not form visible gas from either dextrose or saccha- 
rose, but is able to form it from lactose. The remaining cul- | 
tures in this table have never produced visible gas in the ~ 
fermentation tubes in any of the determinations which have | 
been made. | 
Riverhead Stalk 3 No. 1 is a significant member of the 
group connecting this last group with the one preceding it © 
since in the earlier studies of this organism it fermented 
lactose with evident gas formation, but in all of the later 
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studies it failed to produce gas even after having been re- 
yivified. Although this germ apparently lost its ability to 
produce gas after the beginning of this study it should not 
be concluded that this was the rule, as it was really an ex- 
ception. Owing to the stimulating effects of revivification 
which was practiced only during the latter part of the study 
a very considerable number of germs formed gas during the 
later tests when they had not done so during the earlier ones. 

The fermentation tube has been largely used in the past to 
differentiate closely related species. It might be concluded 
in the light of the contradictory results which have been ob- 
tained in this study that the fermentation test is really of 
little value for this purpose. Such a general conclusion does 
not logically follow from this data because the particular 
eroup of organisms which have been studied here chance to 
lie on the very border line of visible gas formation and ac- 
cordingly are not typical of germ life in general. 

The fact that this group does lie on the border line of visible 
gas formation is shown by the fact that the amount of gas is 
small in most cases, in some cases only a small bubble appear- 
ing in the fermentation tube, and also by the failure of even 
this small amount of gas to appear in a considerable propor: 
tion of the tests with some of the strains. 

The crudeness of the fermentation tube as a measure of the 
total gas formation is well brought out by Keyes.°** He found 

in his study of B. coli that the total gas produced under com- 
parable conditions in the fermentation tube and in a vacuum 
were in the ratio of 12.4 to 99.9. 

In considering the importance which should be attached to 
the results obtained with -the fermentation tube it should be 
remembered that all forms of living protoplasm respire gases 
and with the bacteria the carbon dioxide of respiration is an 
easily measurable quantity even with those forms which show 
no evidence of gas formation in the fermentation tube. The 
failure of the gas to appear in the tube is due to its solution 
in the liquid media and partial diffusion through the open arm 


* Keyes, F. G. The gas production of Bacillus coli. Jour. Med. Research, 
N. S., 16: 69-82. 1909. 
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of the tube. The ability of the liquid to hold appreciable 
amount of gas in solution is illustrated by the bubbles of gas 
which appear in the top of the tube after the medium has 
been heated in the sterilizing process and again disappear on 
cooling. 7 

While exact measurements are lacking it is probable that 
the gas of respiration does not nearly saturate the fluid in 
the fermentation tube so that the appearance of gas in the — 
closed arm does not mark the beginning of the true fermenta- 
tive action but rather a somewhat advanced stage of this 
action. Conversely, when dealing with a group of cultures 
which are on the turning point of the formation of visible 
gas, the failure of the gas to appear does not necessarily mean 
that the ability to ferment the sugar in question has been lost 
but rather that it has been so diminished as not to super- 
saturate the fluid in the tube. The fact of the continuation 
of the growth in the closed arm and of the formation of acid 
in these fermentation tube cultures lends color to the idea 
that the sugar is still being attacked in the same general way 
though less vigorously than before. 


CLASSIFICATION. 


Classification in a case like this may serve either of two 
distinct ends. It may assist future students to recognize the 
relationships of cultures which they may study and it may 
be of service to the farmer in showing whether the form 
which is present on a given crop will be dangerous to a suc- 
ceeding crop which he may desire to grow later on the same 
soil. Because of the limited knowledge of germ life which is 
now available, any classification of such forms must be con- 
sidered as tentative and as merely expressing the judgment of 
the authors concerning the relationships under discussion. In 
this connection it should be stated that some of the doubtful 
points in this classification were referred to six of our friends 
whose judgment was considered as of especial value in such 
matters. There was such a wide variation in what they con- 
sidered the proper course to follow that it has seemed best to 
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‘confine the present publication largely to a presentation of 
‘the facts as observed and leave at least the more complicated 
portion of the classification until after the discussion of the 
pathology of these cultures.’ 

It was brought out in Table II that these 43 cultures are 
practically identical with regard to the 388 headings under 
which they were there compared and that the only observed 
differences were those of fermentative ability which were 
clearly expressed by the group numbers. 

It is seen from Table III that the first 15 cultures there 
given are identical in their fermentative ability in that all of 
them produce visible gas in the fermentation tube from dex- 
trose, lactose and saccharose. If the principle is accepted 
that a single well demonstrated, positive result is conclusive 
the 18 additional cultures down to and including Miller Stalk 
3 No. 1 must be held to be identical with the first 15. 

Of this group of 33 cultures having the group number B. 
221.1113022, Bacillus carotovorus Jones is the oldest described 
species and should be taken as the true representative of this 
collection of cultures. The two other cultures which have 
been described in literature as bacterial species, Bacillus om- 
mvorus van Hall and Bacillus olereaceae Harrison, are 
clearly identical with Bacillus carotovorus and there is no 
further occasion for continuing to recognize them as distinct 

- species. 

Continuing the arrangement of the cultures on the basis 
of the results from the fermentation tube the next group 
would have the group number B. 221.1123022 and is repre- 
Sented by the single strain Vermont XLVIII. This culture 
ferments dextrose and lactose with visible gas formation, but 
no apparent gas is formed from saccharose. 

Mathematically the next group has the group number B. 
221.1213022 and is likewise represented by a single strain, 
Vermont ©. This group is characterized by the failure to 

l form visible gas from lactose. 

The next possibility is the failure to form gas from dextrose 

| while forming it from the other two sugars under considera- 

_ tion and this group with a group number of B. 221.2113022 


- 
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is represented by Vermont LIV and 0.2e. The faintness of 


the boundaries between these groups is shown by the case © 


of 0.2e where in two determinations gas was actually formed 5 


in a single fermentation tube in each case. This result hag — 
not been accepted as conclusive because in neither case were — 


the results from the accompanying tubes accordant. 


The next group bears the group number B. 221.2123022 
and is represented by Potter’s Bacillus and Riverhead Stalk © 


3 No.1. The former is a good illustration of the group while 


the latter forms a connecting link with the following group, ~ 
since while it formed visible gas from lactose in the earlier — 


tests it failed to do so during the latter studies and but for — 


Paes 


the earlier determinations would be included in the following — 


group. 


The series of groups is closed with a group of four cultures : 
in which there was no visible gas formed from any of the — 


sugars at any of the tests. This has a group number of 


B. 221.2223022 and Bacillus aroideae Townsend, is the only ; 


named species. Spieckermann’s Bacillus was isolated and 


described at an earlier date, but was not given a specific name. : 
Summarizing this arrangement on the basis of the results — 
from the fermentation tube test with dextrose, lactose and © 


saccharose we have the following: 


B. 221.1113022 Bacillus carotovorus Jones and 32 other 


cultures. 
B. 221.1123022 Vermont XLVIII. 
B. 221.1213022: Vermont C. 
B. 221.2113022 Vermont LIV and 1 other culture. 
B. 221.2123022 Potter’s Bacillus and 1 other culture. 
B. 221.2223022 Bacillus aroideae and 3 other cultures. 


It will be observed that the two possible groups of .221 
and .122 are not represented. It is really surprising that : 
in a collection of 43 cultures there should have been examples : 
of six different groups and there is no apparent reason why : 
a study of a larger number of cultures should not bring out 


these missing ones. 


. 
: | 
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The above arrangement is one which will appeal to the 
students of this field because it clearly summarizes the ob- 
served results and provides a type for all of the cultures 
which will be found except those which belong to the missing 
groups above referred to. Unfortunately this clearness of 
classification is more apparent than real, since practically 
each successive determination of the collection of, cultures 
led to a rearrangement of the representatives of the various 
groups with a gradual shifting toward the upper groups 
because of the greater importance placed on a_ positive 
result than on a negative one. The final accumulation of 
'83 cultures in the upper group is largely the expression of 
the continued action of the law of chance and had the study 
‘continued longer this group would undoubtedly have been 
correspondingly enlarged. 

An inspection of Table III shows that while some of the 
organism gave constant results at the various determinations 
a considerable number vibrated from one end of the above 
Set of group numbers to the other at different determinations, 
often being classed temporarily with a number of the inter- 
mediate groups. Under such circumstances the above classi- 
fication is seen to represent divisions which are too shifting 
ind transient to be designated as species. 

| While the authors do not desire to be dogmatic in this con- 
jection the conception has been forced upon them during this 
tudy extending over a series of years that they were dealing 
‘vith a group cf organisms which were very closely related 
‘nd which combined a remarkable stability and uniformity 
vith regard to practically all of their culture characteristics 
nth a remarkable variability with regard to the results from 
he fermentation tube. test with certain Sugars. It would 
®em that the correct explanation of this apparent Variability 
ras the fact that the entire group had a very weak fermenta- 
ive ability and the gas formed from the sugars in question 
(a8 approximately equal to the amount required to saturate 
de fluid in the fermentation tube and provide for the diftu- 
On which is unavoidable in that test. With the changes 
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in the fermentative vigor of the culture, concerning the detail 
of which comparatively little is known, the amount of gas. 
produced fluctuates above and below this saturation point 
giving the accompanying positive and negative results based 
on the presence or absence of visible gas in the closed arm of : 
the fermentation tube. 
The important fact of this fluctuation haves been recog: 
nized it is a matter of little consequence to the Scientist _ 
whether it is maintained that there are six species or only 
one. It should be mentioned in passing that the idea of 
species as originally conceived is entirely inapplicable to 
bacteria since it was based on morphological similarity 
coupled with an ability to produce fertile offspring. Mor- 
phologically the entire bacterial world can be divided into 
only a few groups and sexual reproduction is entirely lacking. 
In the present. instance it seems to the authors that the only 
possible basis for recognizing more than one so-called species 
in connection with the present group of cultures must lie in” 
the relation of the parasite to the host and since that part of 
the subject will be treated in a succeeding publication the 
matter of classification will be dropped at this point. 


DETAILED DESCRIPTION. 


On the Classification . Card of the American Society of Bac- 
teriologists in addition to the group number and the material 
given in Table II, there is a provision for the detailed char- 
acteristics of the organism in question. It was the original 
intentior to present this description for the typical repre 
sentative of each of the groups of cultures.as given above, 
but when these descriptions had been prepared it was found 
that they were practically verbatim copies with the exception — 
of the fermentation of sugar which has already been dis- 
cussed. Accordingly the description of Bacillus carotovorus, 
Jones will be given and with the exceptions just noted this 
may be accepted as applying to the entire collection of 
cultures. | 
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Bacillus carotovorus Jones. 


For group number and brief characterization see page 264. 


1. MORPHOLOGY. 


1. Vegetative cells. Medium used, agar slope at 20-25 C. 
1-2 days old; Form, short rods, long rods, short chains, 
long chains; Limits of size, .7 to 1x 1.5 to 5; Size of 
majority, .8 by 2; Ends, rounded. 

. Endospores, none. 

. Flagella, 2 to 10; Attachment, peritrichiate; How stained, 
Pitfield, Lowits, Fischer. 

. Capsules, none. 

. Pseudozoogloea, present, slight. 

. Involution forms, not observed. 

. Staining reactions. Stains well in watery fuchsin, gentian 
violet, carbol fuchsin, Loeffler’s alkaline methylene blue; 
Gram, negative. 


“He OO 
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Il. CULTURAL FEATURES. 


1. Agar slope. Growth, abundant; Form of growth, filiform 
to spreading; Elevation of growth, effuse to raised; 
Luster, glistening; Typography, smooth to contoured; 
Optical characters, opaque to opalescent. | 

2. Potato. Growth, moderate to abundant; Form of growth, 
filiform to spreading ; Elevation, effuse to raised; Lustre, 
glistening; Typography, smooth to contoured; Chromo- 
genesis, white on all media; Odor, decided ; Consistency, 
butyrous; Medium, grayed, but not discolored in the 
customary meaning of that term. 

4. Agar stab. Growth, best at top, abundant, wide-spread- 
ing; Line of puncture, filiform.. 

5. Gelatin stab. Growth, best at top; Line of puncture, fili- 
form, Liquefaction, crateriform to infundibuliform; Be- 
gins on 2d day at 20° C.; Complete in 6 days with some 
cultures and not in months with others. 


10. 


Km O9 


8. 


. Nutrient broth. Surface growth, pellicle thin and som 
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times absent; Clouding, moderate to strong, persistent; 
Odor, ieciileds Sediment, compact to flocculent, usualy 
Santas | 


. Milk. Coagulation, usually on 3d day at 20° C.; Coagu- 


lum, very slowly and slightly peptonized, and not com- 
plete in months, digestion not clearly evident to the 
eye; Medium, slightly browned. 


. Litmus milk. Acid, litmus reduced. 
. Gelatin colonies. Growth, rapid; Form, punctiform to- 


round; Depression, crater nope Edge, entire; liqag 
faction: saucer, 

Agar colonies. Growth, rapid at 20-25° C.; Form, round, 
occasionally irregular, deep colonies fusiform; Surface, 
smooth; Elevation, raised to convex; Hdge, entire to 
undulate; internal structure, amorphus to coarsely 
granular or even grumose. 


. Cohn’s solution, no growth. 
14. 
18. 


Uschinsky’s solution, abundant. : 
Best medium for long continued growth is peptone 
bouillon. 


. Quick test for differential purposes. Slices of uncooked 


carrots, turnips and cabbages. 


Ill. PHYSICAL AND BIOCHEMICAL FEATURES. 


. Fermentation tubes. Gas? produced in small amounts from 


dextrose, lactose and saccharose, but not from glycerin; 
Growth in the closed arm with dewtrose, lactose and 
saccharose, but not with glycerin; Acid produced from 
dextrose, lactose, saccharose and glycerin. 


. Nitrates in nitrate broth reduced to nitrites. 
. Indol production feeble. - 
. Optimum reaction for growth in bouillon in terms of 


Fuller’s scale, 0. 
Vitality on culture media, moderate. 


See page 271. 


, 
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9. Temperature relations. Thermal death point, 48-50° C.; 
Optimum, 25-30° C.; Maximum, above 388° C.; Mini- 
mum, below 10° C. 
10. Killed readily by drying. 
12. Sunlight. Exposure, not on ice, at midday in Sept. showed 
decrease after 1 minute, increasing to destruction of 
90-100 per ct. after 20 minutes, 


IV. Pathogenic to many fleshy vegetables of the North 
Temperate Zone. 


CONCLUSIONS. 


A considerable number of the cultivated plants in the North 
temperate zone suffer at times from a bacterial soft rot caused 
by a non-chromogenic, liquefying bacillus. 

This comparative study of forty-three pathogenic strains 
derived from six different vegetables indicates that the results 
of fermentation tube tests with dextrose, lactose and saccha- 
rose offer the only usable cultural basis for differentiating 
these strains. However the cultures of the entire group have 
a weak fermentative power which, with very few exceptions, 
produces only a little more than enough gas to become evi- 
dent in the fermentation tube. At other times the same 
Strains produce no gas at all. These variations make the 

_ fesults of the fermentation tube test an unsatisfactory basis 
for classification. | 

Unless later studies of the pathogenicity of these cultures 
‘shall offer a basis for subdividing them, there is no apparent 
reason why they should not all be considered as somewhat 
variant members of a single botanical species. 


Il. PECTINASE, THE CYTOLYTIC ENZYM PRODUCED 
BY BACILLUS CAROTOVORUS AND CERTAIN 
OTHER SOFT-ROT ORGANISMS. 
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IL. PECTINASE, THE CYTOLYTIC ENZYM PRODUCED 
BY BACILLUS CAROTOVORUS AND CERTAIN 
OTHER SOFT-ROT ORGANISMS.’ 


L. R. JONES. 


INTRODUCTION. 

Two of our earlier publications (1900, 1901) have given 
detailed accounts of a bacterial soft rot of carrot and other 
vegetables due to the organism, Bacillus carotovorus. In the 
first of these articles it is stated (1901: 304, 312)? that “ micro- 
Scopic examination of the decaying carrot tissues has shown 
that the organism invades the intercellular spaces, and multi- 
plies there with enormous rapidity. The middle lamellae of 
the adjacent cells appear to be soft- 
ened or destroyed by the secretions of — 
the bacteria, since isolation of the 
cells in invaded tissue occurs, but the 
bacteria have not been observed in 
the interior of the cells of the re- 
cently disorganized tissues. ....... 
This (action on the middle lamella) 
is probably due to an enzym of the 
nature of cytase excreted by the bac- 
RN ES ao aS, ie oy Nek oe A ae AL a a 
It seems probable that the further 
study of the bacteria concerned with 

Fic. 1. Carrot-root the soft rots of plants will swell the 
ee Ay causpp list to a considerable number of or- 
BY B. carotovorus. — ganisms which resemble the above and 

The cytoplasm is plas- gach other more or less closely in their 


molyzed and the bacteria 
en to ae, ree physiological characters.” 
ce - 
Tall ings uiered’ me. ‘Tt appears, therefore, that a fuller 
chanical rupture, as in the understanding of the cell-wall-dis- 
upper left-hand cell. , 

solving or other enzyms produced by 
Such bacteria is desirable for two practical reasons: First, 


because the parasitism in each case seems directly associated 


The laboratory studies upon the enzym here discussed were made during 
the years 1901-04, and this manuscript was prepared at their completion 
in 1904. Owing to the plan of cooperation, as explained in Part I, this pub- 
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with and probably dependent upon the power to produce such 
an enzym. Second, because these soft rot organisms are 80 
much alike as to make the question of their specific relationship d 
an extremely complex one which must ultimately be settled — 
largely by appeal to physiological characters, including their 
ability in parasitism, and it would seem that their enzym pro- 
duction might prove of value in this connection as a differential - 
character. Another interesting question of fundamental impor- 
tance concerns. the relationship of the cytolytic enzyms, or 
cytases, from various sources. We have attempted to deter- 
mine whether the enzym here dealt with is identical with 
those obtained by de Bary (1886)? and Ward (1888) from 
certain fungi, by Brown and Morris (1890) and later investi- 
gators from seeds and by Potter (1899) and others from soft 
rot bacteria. | ‘ 
In the progress of these investigations a detailed study was 
first made of the enzym as produced by the carrot-rot organ- 
ism, including a comparison of its action when secured in 
rarious ways apart from the living bacillus, and also as ob- 
served upon the sundry vegetable tissues. Thereafter a com- 
parison was undertaken of the characteristics of the enzyms 
secured from the soft-rot organisms of several other vege- 
tables and finally with wall-dissolving enzyms produced by 
other classes of bacteria, by fungi and by germinating seeds. 
In the following discussion of the results it will conduce to 
clearness and directness of statement to follow a somewhat 
similar order. It might seem more logical to begin with a 


lication has awaited the conclusion of the associated morphological studies, 
except for a summarized account of the work which appeared in the “Cen- 
tralblatt fiir Bakteriologie und Parasitenkunde,”’ 1905, (see Bibliography). 
Inasmuch as no important contribution to the subject has come to our atten- 
tion meanwhile, it has seemed best to leave the manuscript unaltered, and 
to add no titles to the bibliography later than 1905. | 
An important part of the work of the author was done in the botanical 
laboratory of the University of Michigan where he profited from the advice 
of Professor F. C. Newcombe. In the investigations carried on in his own 
laboratory in Vermont, valuable assistance was had from two of his students, 
Messrs. H. D. Bone and L. P. Sprague. He gratefully acknowledges his 
indebtedness to these gentlemen. «/d 3) ah Fy Ba), a 
? All citations to the bibliography follow the plan of giving in parenthesis 
after the author’s name the year of publication, followed where desired 
with the page numbers specifically referred to. : 
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detailed discussion of the action of the enzym upon cell walls 
In pursuance of the above plan, this is deferred and it must 
here suffice to state that the action consists in the softening 
and swelling of the walls and ultimately in the complete 
solution of their middle lamellae in susceptible vegetable 
tissues, but that in all cases it stops short of complete solution 
of the cell membrane, a residue of cellulose always remaining. 

The studies here reported upon were carried on at various 

times during the years 1901-1904. The strain of the carrot- 
rot organism used has been the same throughout and is that 
isolated from decaying carrot tissues in 1899 and since car- 
ried in culture, practically all of the time in beef broth, at 
the ordinary laboratory temperature, 16°-22° C. 
' The question has arisen as to whether during this time 
reduction has occurred in pathogenicity and rate of enzym 
production. Van Hall (1903) found that his iris rot organ- 
isms lost pathogenicity to iris after only four weeks in labor- 
atory culture and his experience with these led him to expect 
this as a rule with such organisms. Laurent’s (1899) and 
Lepoutres’ (1902) experiments suggest a like probability. 
Potter (1900: 445) found no such rapid. loss of pathogenicity 
in his turnip rot organism. 

In the case of B. carotovorus there has, in our judgment, 
been a considerable decrease in pathogenicity since our first 
trials of 1899. The change has, however, been a gradual one 

rather than rapid or radical, and, therefore, difficult to esti- 
mate. The virulence and rate of invasion of tissues has al- 
Ways varied with vegetables and environmental conditions, 
but it is certainly less vigorous in attacking even the more 
Susceptible plants now than it was in our earlier inoculation 
experiments. <A culture of this organism was sent to Messrs. 
Harding and Stewart of the New York Experiment Station 
in 1902. They reported it actively pathogenic at first, 1902, 
but wrote us a year later that it had lost practically all 
pathogenicity. Meanwhile our own cultures had not changed 
in any such radical way. In this connection it is worthy 
of remark that Harding and Stewart kept their culture on 
agar whereas ours were carried in broth. B. carotovorus is 
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work (1900: 828). It seems to us not unlikely that the 
weakening observed at the New York Station may have re 
sulted from the intermittent desiccation incident to its eul- 
ture on agar. 

Exact estimates as to relative ability in enzym production 
shown now and formerly are even more difficult to make than 
are those as to pathogenicity. Our first isolations of enzym 
were made in 1901. We have compared some of the pre- 
served samples of these earlier enzyms with those isolated 
in 1903. Those of 1901 were certainly more active than those 


of 1908. This difference might, however, possibly be accounted — 
for by variations in medium and vigor of development as . 


Shown later in this article. 

In our judgment, along with the loss of pathogenicity there 
has been a corresponding decline in enzym-producing power, 
but both of these have been so gradual as to be hard to esti- 
mate quantitatively. 

The first thing undertaken in the course of these investiga- 
tions was to determine whether the softening of the tissues 
associated with the invasion of this bacillus was certainly 
due to an enzym, and whether, if so, the enzym was separable 
from the organism. Five methods were tried with the object 
of securing such enzym, if it existed, apart from the organism, 


viz., (1) heat, (2) filtration, (83) germicides, (4) diffusion 


through agar, (5) precipitation by alcohol. 

The first three methods involved, in all cases alike, the fol- 
lowing procedures: The cultivation of the organism in beef 
broth for periods varying from three to fourteen days; the 
treatment of such cultures by the methods under trial; the 
determination of the sterility in the broth so treated; in case 


sterility was secured, the testing of the cytolytic activity of 


this sterilized broth by immersion in it of sterile blocks cut 
from fresh uncooked carrot or turnip roots, or from potato 
tubers or of cotyledon of immature pea; finally, tests to 
determine the continued sterility of the broth during this 
last trial period. In all cases where chemicals were used 
control] trials were made to be sure that the chemical itself 
was not the cause of the changes observed. 


= 
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remarkably sensitive to desiccation as shown in our earlier 


STUDIES WHEREIN THE ENZYM WAS ISOLATED BY 
| HEATING. 


The thermal death point of the carrot-rot bacillus was care- 
fully determined in connection with our earlier studies. It 
was found that recently inoculated thin-walled-tube cultures 
immersed for ten minutes at 51° C., or slightly under this, 
are rendered sterile.* 

Previous studies (cf. Green, 1901: 98) upon cytolytic en- 
zyms have shown that when in solution they are destroyed 
by heating to a temperature of 60°-65° C. It seemed probable, 
assuming that we are dealing with the same or a similar 
enzym, that there might be an intermediate temperature where 
the organism would be destroyed and the enzym left in the 
solution. This matter was tested by cultivating the organism 
in beef broth, heating these cultures to sterilize, making trans- 
fers to prove sterility and inserting bits of sterile carrot or 
other fresh vegetable tissues to determine enzym action. 

The details of a single experiment will suffice to make clear 
the methods and aid in interpreting the results. 
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A series of six 10 c. c. beef broth cultures seven days old 
‘were immersed for ten minutes in a water bath of which the 
temperature was held at 55° ©. These tubes were of thin 
glass about 15x 1.5 cm. in size, immersed in the water three- 
fourths of their depth. The original reaction of the broth 
‘was +1.5%. To make sure of continued sterility transfers 
‘were made from the tubes soon after leaving the bath and 
again at the close of the experiment. Immediately after 
heating, a small block of living carrot tissue, cut from the 
interior of the root with proper precautions to insure sterility, 
was inserted into each tube. Like blocks of tissue were put 
into control tubes of each of two kinds, first, sterile uninocu- 
lated broth, and second, living broth cultures of the same age 
as the ones heated. The result was that the tissues in sterile 
uninoculated broth remained unsoftened, those in the living 
‘cultures rapidly softened and were fully decomposed in three 


_ “The above trials were first made in 1899 and repeated with like results 
in 1901. A careful repetition in 1903, using the same methods, showed a 
thermal death point fully one degree lower. This is doubtless the result 
of long cultivation in the laboratory. It is simply a matter of biological 
Interest, which does not in any way affect. the methods or results of the 
‘enzym studies discussed above. 
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or four days, while those in the heated tubes showed a sim 
but slower softening, requiring ten days for full action. 

In other experiments sterile blocks cut from turnip root and 
cotyledons of immature peas were used and were similarly 
softened. The results were fairly uniform and satisfactory. 
Various cultures so exposed at temperatures of 54°, 55°, 58°, 
60°, 62°, 63°, 64°, 65°, 68°, 73° were rendered sterile in prac- 
tically all cases. There was distinct cytolytic action in the 
sterile broths heated at the lower temperatures and none in 
those heated at the higher. There was, however, evident in- 
hibition of activity even at the lowest of these as is shown 
in the experiment just described. Heating at 60°-62° inhibited 
the action to a marked degree as compared with 58° and in 
all cases, except one, heating at 62° entirely checked the ac- 
tivity. In only one case did any action occur in tubes heated 
at 63° and that was probably explainable on the ground of 
erroneous reading of temperature, since a repetition of the 
work gave results in harmony with the other series. No ac 
tion occurred in any tube heated above 63°. The point of 
total inhibition of the cytolytic action as determined by this 
method, therefore, lay at or about 62° and there was marked 
decrease at all temperatures above 58°. Certain temperature 
relations will further be discussed later. : 


STUDIES WHEREIN THE ENZYM WAS SECURED BY 
FILTRATION. 


It seemed probable that if the enzym were in solution out 
side the bodies of the bacilli it would pass through the por- 
celain bacterial filters and so be obtained apart from the or- 
ganisms. Broth cultures of ages varying from seven to four- 
teen days growth have on six different occasions and with 
different bougies been passed through the Pasteur-Chamber- 
land filters and the sterility and enzym content of the filtrate 
tested. There has been no difficulty in securing sterility with 
Pasteur-Chamberland filters, although earlier attempts with 
thinner walled and probably less perfect bougies were not 
successful. .- 
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Numerous trials were made by immersing in this sterile fil- 
trate sterile cubical blocks cut from fresh roots of carrot and 
turnip and from potato tubers and also cotyledons of young 
peas, either fresh or those which had been for some time in 
sterile broth. In all cases alike these tissues were softened 
with solution of the middle lamella as in the presence of the 
living organisms. The detailed record of a single experiment 
will suffice. 


In each of six tubes containing 10 c. ¢. of the sterile filtrate 
was introduced a carrot block about 3 mm. in diameter. At 
the end of twenty-four hours there was perceptible softening 
over the surface of these blocks and at the end of three days 
they were softened throughout. Potato blocks of similar size 
tested in the same way showed the first signs of softening on 
the fifth day and required ten days for complete softening. 


These experiments and other similar ones that might be 
cited, including trials with razor sections under the micro- 
scope, showed that the lamella-dissolving enzym was in solu- 
tion in the broth outside of the bodies of the bacilli. The 
question arose, however, as to whether the filtrate possessed 
the full enzymic activity of the original broth. It is conceiv- 
able that the bodies of the bacilli contain much of the enzym 
which gradually diffuses into the external liquid even after 
their death, and also conceivable that the filter may retain 
some of the enzym which was diffused in the original broth. 
To gain information on these points the enzymic activity of 
the filtered sterile broth was compared at various times with 
unfiltered broth cultures and with cultures of broths sterilized 
by the addition of chemicals. In one series of trials thin razor 
Sections from roots of each carrot and turnip were immersed 
in (a) culture broth sterilized by filtration, (b) culture broth 
Sterilized by a 20% addition of chloroform, (c) solutions of 
alcoholic precipitate from culture broth. The solutions (b) 
and (c) acted about alike, whereas (a) required at least twice 
as long to disintegrate the tissues. Similar trials made later 
using razor sections of turnip showed no difference of im- 
‘portance between the cultures containing the living organism 
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and sterile broths like (b) and solutions like (c). A detailed 
discussion of these points occurs later. 4 
Similarly sterile blocks from living carrot root were placed 
in the filtrate in comparison with like blocks in living cultures” : 
and others in broth plus 10% of chloroform to sterilize. The 
latter were shaken thoroughly and sterility proved. The car- 
rot tissues in the living cultures and in the tubes sterilized by 
chloroform were alike softened in three days, whereas the 
blocks in the filtrate were more slowly acted upon, requiring — 
nine days for full action. Still further evidence of this rela-~ 
tion of filtration to enzym content was obtained by the method ' 
of alcoholic precipitation to be discussed later. Samples of — 
filtered and unfiltered cultures were rendered 80% alcoholic 
and the filtered yielded only one-fourth as much of the enzym- — 
containing precipitate as did the unfiltered. Moreover five 
per ct. solutions of each of these tested upon razor sections of : 
carrot and turnip showed the enzymic action of the unfiltered — 
fully twice as rapid as that of the filtered. Taking into con-— 
sideration both the relative amounts and the relative strengths ~ 
of these solutions, it would seem from this last trial that pos- ~ : 
sibly four-fifths of the enzym was lost by filtration through — 
the porcelain. 3 
Comparisons and conclusions.—All these experiments give 
like evidence that passage through the Pasteur-Chamberland ~ 
filters as used in these trials reduces decidedly the enzym con- 4 
tent of the broth, although it does not remove all of it. Just : 
why this retention of the enzym occurs has not been deter-- 
mined. As already suggested, this may be in part, at least, 
the enzym contained within the bacterial cells and which would : 
later diffuse into the surrounding liquid; or it may be in part — 
or wholly external to these cells either closely associated with 4 
the bodies of the bacteria and so retained with the bacterial — 
slime in the porcelain; or it may %e that the filter removes ~ : 
some of the enzym content which is diffused or in solution ' 
in the broth. The results of Freudenreich (1899) point to- 
the latter conclusion. He attempte’ to clarify cheese extract 
for qualitative analysis by passing through Chamberland fil-~ 
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ters. He found that although the crystallizable and diffusible 
nitrogenous compounds (amids) passed through the bougies, 
some 90% of the soluble protein matter might be held back. 
Although all the bougies used by him retained considerable 
of the nitrogenous matter his trials showed that this passed 
much more fully through a new one than through the same 
after it had been used several times. In later trials (1900) 
he passed milk through these filters and found that the enzym 
galactase was removed thereby. 

These experiments of Freudenreich came to our attention 
after we had completed our filtration experiments. In review- 
ing our records in their light we find that we used new filters 
or those which had been used for similar work only a few 
times. We are assured, therefore, that even the new bougies 
largely reduced the enzym content and that none that we 
employed, some of which had been used several times, wholly 
eliminated it. 

The results of others who have tested the relation of filtra- 
tion to enzym content of cultures of similar soft-rot bacteria 
may profitably be reviewed in this connection. 

Potter (1900: 448) found that filtration through Pasteur- 
Chamberland filter did not remove the enzym produced by his 
Pseudomonas destructans. Laurent (1899) found similar bac- 
terial enzyms to pass through porcelain while Spieckermann 
(1902) found that after passing culture broths through the 
Reichel porcelain filter the sterile broth had not the least en- 
zymic action. Van Hall (1902) found that the juice expressed 
from potato decayed by the invasion of B. subtilis when passed 
through the porcelain filter retained the property of rapidly 
destroying the potato tissue. He also found (Zeitschr. f. 
Pflkr., 1903) similar but weakened action in the juice from 
iris invaded by his Bacillus omnivorus, when this was passed 
through a porcelain filter. In other trials he found filtered 
broths lost all activity. We are at a loss to reconcile some 
of these results with our own and the others except by ap- 
-pealing to differences in the filters. 
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STUDIES WHEREIN THE ENZYM WAS ISOLATED BY 
THE USE OF GERMICIDES. 


The preceding results were satisfactory so far as they went, 
but it was manifestly desirable to find some simpler method 
of procedure. Two serious objections to the preceding meth- 
ods should be eliminated if possible, namely, first, that pre- 
cautions are necessary to insure the sterility of the broths 
during prolonged study subsequent to filtration; and, second, 
the ever-present danger that the method used to eliminate the 
organism may at the same time remove or weaken the enzym. 
It seemed probable from the.experience of others who have 
studied similar enzyms that some chemical added to the cul- 
tures would kill or wholly inhibit the bacillus without de- 
stroying the enzym or interfering with its activity. With this 
hope, trial was made of additions of formalin, phenol, thymol, 
and chloroform, respectively, to beef broth cultures. In con- 
sidering the results reference was also made to related experi- 
ments, to be discussed in detail later, where similar additions 
ef these chemicals have. been made to solutions of the enzym- 
containing alcoholic precipitates. | 


FORMALIN. 


The relation of formalin, both to the life of the organism 
and to the activity of the precipitated enzym, has been deter- 
mined. It has been found that both the organism and the 
enzym are extremely sensitive to this chemical. Since, how- 
ever, the organism is more so it is possible so to gage the 
amount as to sterilize the broth and leave the enzym active. 
These conclusions are based upon experiments made by the 
addition of varying proportions of formalin, both to the beef 
broth cultures and to solutions of the precipitated enzym. 
Some hundreds of such additions have been made te beef broth 
cultures, including the following strengths, and numerous 
trials each of many of them: Formalin 0.03%, 0.06%, 0. 08%— 
0.095%, 0.18%, 0.83%, 0.46%, 0.57%. 

The detailed account of a single series will suffice to expla 
the general method and results. All this work was carried 
on at temperatures of 18°-22° C. 
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To ten broth tube cultures, 10 c. c. each, formalin was added 
as follows and the tubes then thoroughly shaken: Two tubes 
(1 & 1’), 0.57% formalin; two tubes (2 & 2’), 0.46%; two 
tubes (3 & 3’), 0.83%; two tubes (4 & 4’), 0.18%; two tubes 
(5 & 5’), 0.095%. Two tubes (6 & 6’) containing sterile 
broth were included to serve as controls. On the third day 
transfers made from these to sterile broth proved the sterility 
of all. On the fifth day a sterile cube 5 mm. in diameter, 
eut from the interior of fresh carrot was inserted into each 
tube. On the eleventh day the carrot tissues in tubes 1, 1’, 
m2, 3, 5, 6, 6’, were not softened; those in 4, 4’, 5, 5’, w ere 
completely softened. On the fourteenth day 3, 3’, were sof- 
tened somewhat; others eon On the twenty- third day 
3, 3’, further softened; 2 2, 2’, softened somewhat but less than 
2 3’. On the thirty-third day 1, 1’, and 6, 6’, showed no 
softening; others completely softened. Final transfers to 
sterile broth showed all tubes sterile at the close of the trial. 


As a result of similar series, repeating the above and using 
other strengths of formalin, the following conclusions have 
been reached. The addition of 0.1% formalin is sufficient to 
sterilize a beef broth culture of B. carotovorus one to ten days 
old, providing the tube is thoroughly shaken. More formalin, 
0.2% or even more, may be needed if not thoroughly shaken. 
The presence of 0.6% or more formalin completely inhibits 
enzym action; amounts as low as 0.38% retard to a marked 
degree. There was perceptible retardation from 0.06% for- 
Malin, although this amount was too slight to sterilize with 
certainty. In all the above trials the formalin acted on the 
broth several days before its relation to the enzymic activity 
was determined. 

_ Trials were also made to determine the effect of formalin 
additions to solutions of the enzym obtained from broth cul- 
tures by precipitation with alcohol. The activity in these 
cases was determined by trial on razor sections of carrot roots. 
The results were in accord with those just discussed, ViZ., & 
Slight but appreciable retardation from 0.05%. addition, and 
almost complete inhibition where 0.5% was added. In these 
latter trials the formalin was added to the enzym solution 
Some time before the cytolytic activity of the mixture was 
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determined. The results led us to abandon further work witl 
formalin. : 

After the preceding work with formalin was complet 
however, Spieckermann’s article (1902: 166) reached our hands 
in which he reports that a 0.2% solution of formalin sterilized 
the cultures of the soft-rot organism of cabbage with which 
he was working and did not inhibit the action of the cytolytic 
enzym, at least for several howrs. We, therefore, undertook 
to learn the relative rate of action of formalin upon each, 
B. carotovorus and its enzym, by adding to broth cultures 
0.2% of formalin, shaking thoroughly and testing both viability 
and enzym action at frequent intervals. It was found in the 
first series of trials that at the end of twenty-four hours the 
activity of the enzym was not appreciably lessened; at the 
end of forty-eight hours there was slight retardation ane this 
was pronounced at the end of seventy-two hours. On the 
other hand transfers at the end of only three hours showed. 
most of the organisms to be dead or so affected that erowth | 
was Slow in starting and at the end of forty-eight hours the 
broth was sterile. . 

In a second series of trials the broths were tested at more 
frequent intervals. This again showed the organisms to be 
killed before the enzym was fully destroyed, but the retarda- 
tion was more pronounced than in the pe trials. The 
details are as follows: 


1. Action on enzym:—Broth cultures six days old; for- 
malin added to make 0.2% solution, thoroughly shaken; cyto- 
lytic action compared with control tubes by testing upon thin” 
sections of turnip. Result: After three hours slight retarda- 
tion was evident; after six hours nearly twice as long a time 
was required for the same results in the formalin solution, 
i. e., formalin retarded the action 50%; after twenty-four 
hours still more difference; after forty- eight hours formalin 
solution required five times. as long as control; after eighteen 
days it required sixty hours to disorganize sections, whereas 
the control broth did this in one hour. % 

In a third series, little if any retardation up to the sixth 
hour; after nine hours the action of the formalin broth re: 


¢ quired twice as long; after twenty-four hours it required four 
- times as long. 

2. Action on the organism:-——Formalin to make 0.2% solu- 
tion was added to broth cultures, thoroughly shaken; trans- 
fers at the end of each two, three, six, and nine hours showed 
erowth. There was, however, progressive retardation. Thus 
the control was clouded in less than twenty-four hours; that 
made at the end of two hours showed clouding first on the 
third day; that at the end of three hours first clouded on. the 
fifth day; six hours, on the seventh day; nine hours, on the 
twelfth day. After clouding appeared growth progressed with 
normal rapidity. 

These results show sufficient variation between the different 
trials to forbid sweeping generalizations. They agree, how- 
ever, with each other and with Spieckermann’s results in show- 
ing that the action on the organism is more rapid than on 
the enzym. There was no appreciable retardation of the en- 
zym action until after a period varying from three to nine 
hours, or in one case twenty-four hours, whereas there was 
marked inhibition in growth of the organisms after two or 
three hours. These results were of such a nature, however, 
as to discourage us from looking to the use of formalin as a 
practical method of sterilizing broths preparatory to the study 
of the normal action of the enzym. If used within two or 
three hours as Spieckermann directs, sterility is not insured; 
if a longer time elapses, the activity of the enzym will be 
reduced quantitatively at least and conceivably affected quali- 
tatively. 

Bliss and Novy (1899: 52) have shown that fibrin, which 
_has been acted upon for a short time by formalin, resists 
thereafter the digestive action of proteolytic enzyms. These 
observations raised the question as to whether the retardation 
in the cytolytic action already noted might be in any degree 
the result of the action of the formalin on the wall of the 
vegetable tissues rather than upon the enzym itself. In order 
to determine this, razor sections of turnip and radish were 
immersed twenty-four hours in full strength formalin, then 
washed out in water, and the rapidity of action of enzym 
solution on these compared with that on freshly cut sections 
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and on those which had lain twenty-four hours in absolut 


alcohol. Other similar trials were made where the. tissues — 
had lain a month in either formalin or in absolute alcohol, 


respectively. All were promptly and similarly decomposed, 
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there being no evidence of difference in this respect. The © 
inhibiting action of formalin must, therefore, be attributed — 


to its effect on the enzym itself rather than on the tissues. 


It is interesting to note in this connection that Bliss and 
Novy (1899: 79) found formalin to inhibit certain enzyms- 


(papain, trypsin, amylopsin) and not others (pepsin, malt : 
diastase). Von Freudenreich (1900), experimenting upon — 


milk enzyms, found that formalin tends to lessen the action 
of galactase more promptly than it does that of pepsin and — 


pancreatin. ‘ 
It is surprising that Potter (1900: 448) was apparently 


unable to destroy with formalin the organism causing white ~ 
rot of turnip. We are led from our experiments to believe © 
that larger amounts of formalin or more thorough agitation — 


would have accomplished this. 


PHENOL, 


Seven trials of this, each involving several cultures, were 


made with uniformly satisfactory results. A piece of the © 
crystal varying’ in size from one-fourth to one-half that of a 
pea, (i. e., making 0.3% to 0.6% solution) added to a 10 ¢. ce. ~ 


broth culture and well shaken has never failed to produce — 


sterility and there is apparently no retardation of the activity — 


of the enzym. To cite a single experiment: 


A crystal of phenol half size of a pea, i. e., making about : 
0.5% solution was added to each of six 10 c. ce. broth cultures — 
six days old and thoroughly shaken. On the second day — 


thereafter transfers were made to test sterility. No growth 


having developed from these transfers seven days later, steril- — 
ity was inferred and a cube of sterile fresh carrot about 5 mm. — 
in diameter was added to each tube. In two days’ time all © 
these pieces of carrots were fully softened. When compared — 
with other tubes sterilized by thymol or chloroform and with © 
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those containing the living organism such pheno] tubes showed ~ 


no evidence of retardation. 
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- In other trials it was found that additions of 0.1% and less 
of phenol failed to sterilize and, on the other hand, additions 
of 5% or more totally inhibited the activity of the enzym. 
The phenol was added to the culture in these experiments four 
days before the enzymic activity was tested. 


THY MOL, 


This proved less satisfactory as a germicide than phenol, 
but chiefly, we think, because of its slight solubility and slow 
diffusion in the broth. If the alcoholic solution is used the 
thymol is precipitated upon contact with water, hence there 
is no gain. Our trials have shown that powdered thymol, 
which floats on the surface of a broth culture, will sterilize 
the surface layer, but that where the culture has stood with- 
out shaking, living organisms persist, at least for many days, 
in the deeper parts of the broth. For this reason even large 
amounts of thymol will fail to sterilize in the absence of agi- 
tation, whereas sterility can be secured with small amounts 
by thorough shaking. The following experiments will serve 
to show this. 


A large excess of thymol (2%) was added to each of ten 
broth tube cultures eight days old and a small amount (about 
0.2%) to each of ten similar tubes. All of these were left 
without agitation. Transfers made on the eighth day there- 
after showed Jiving organisms in four of the tubes containing 
the larger amount of thymol and in five of those with the 
Smaller amount. On the tenth day living organisms remained 
in three tubes of each series. In another series a crystal of 
thymol equalling about 0.2% of the broth was added to each 
of three ten c. c. broth tube cultures four days old and a tiny 
crystal of about one-fourth this size to each of three other 
Similar cultures. These were all thoroughly shaken. Trans- 
fers from these tubes on the second day thereafter showed 
living organisms in all three of these containing the lesser 
amount, but the others were sterile. In all cases pieces of 
Sterile carrot inserted into tubes sterilized by thymol have 
been quickly softened without evidence of inhibition. 
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In comparison with the above results it is of interest to 
note that Potter failed to sterilize cultures of his tu 
white-rot organism by the use of thymol (1900: 448) ; but 
possibility remains that more agitation would: have secur 
sterility in his cultures. - 

E. F. Smith (1901) found that certain organisms will grow 
in beef broth in the presence of thynrol, but his statements 
would indicate that there was little or no agitation of the 
broth. These results force us to question whether full de- 
pendence can be placed on some of the results of Bourquelot 
and Herissey’s work on pectin enzyms, as discussed later in 
this article, since they, apparently, depended on additions 
of thymol water to insure sterility. | 


CHLOROFORM. 


Since this is the agent usually employed in enzym studies 
for the inhibition of bacterial growth especial attention has 
been given to the determination of its relation sic to the 
organism and the enzym. 

The first experiments to determine this were carried out 
in 1901. In these Powers & Weightmann chloroform of “U. 
S. P. standard ” strength was used. This was added to broth 
tube cultures, seven to nine days old, in amounts to give 
proportions varying in different experiments from 10% to 
50%. These tubes were shaken, then allowed to stand and 
stratify. The excess of chloroform promptly settled to the 
bottom, but such tubes continued to emit a strong odor of 
chloroform throughout the experiments. Transfers made 
three days later showed the cultures to contain living orga 
isms in all cases. | 


During the year 1903, these trials were repeated, using 
both Mallinckbrodt’s “ M. ©. W. purified” chloroform and the 
“U.S. P.” grades both of this firm and of Powers and Weight- 
man. These later results were alike in all trials and dif- 
ei from those made in 1901. In every one of these later 
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ee shaken ‘sterility was secured. 
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The details of a single trial will suffice to illustrate the 
method and results. Chloroform was added as follows to 
each of six 10 c. c. broth tube cultures, six days old, shaking 
-yery thoroughly; to tubes 1 & 1’ added 1 ¢. c. of chloroform ; 
to tubes 2 & 2’ added 0.5 ¢. ce. of chloroform; to tubes 3 & 3’ 
added 0.3 ¢. c. of chloroform. On the third day thereafter 
transfers from these showed 1 & 1’ to be sterile, whereas the 
others contained living organisms. On the fifth day transfers 
from these latter again showed living organisms. Cubical 
blocks of fresh carrot were placed in tubes thus sterilized with 
10% additions of chloroform and in other similar series steril- 
ized by 25% and 50% additions respectively, and in all cases 
alike they were quickly and fully softened. 


There was no appreciable retardation in the rate of soften- 
ing in any such case as compared with tubes sterilized with 
thymol or phenol, or even with cultures containing the living 
organisms. 

This matter was of so much importance that further com- 
parative trials were made by using razor sections of turnip. 
There was no appreciable difference in the rate of softening 
as between living cultures and those sterilized by chloroform. 
Thus in one trial, broth cultures four days old were used; 
10% of chloroform was added to each of two of these; after 
thorough shaking immediate trials were made comparing the 
‘activity with that of similar cultures; no difference was found. 
Again, at the end of the sixth day when the chloroform tubes 
were sterile, comparative trials showed the sterile broth to 
equal in enzymic activity the living control cultures, now 
ten days old. 

Comparisons and final conclusions.—These results showed 
chloroform to have no inhibiting effect upon the enzym when 
used even in great excess and proved the efficiency of chloro- 
form as a germicidal agent in such work as we were doing. 
At the same time they emphasize the need of painstaking and 
caution if chloroform is relied upon, either to sterilize cul- 
tures or to preserve sterility of enzym solutions as is so fre- 
quently done. 

A comparison of these results with those obtained by others 
will again prove helpful. 
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Brown and Escombe (1898: 16) satisfied themselves tha ; 
the cytolytic enzym of barley is not appreciably weakened in — 
its action by a saturated aqueous solution of chloroform, 
Smith (1901) has called attention to the fact that many or: 
ganisms are surprisingly resistant to chloroform and empha- 
sized the point we have just made, as to the need of caution 
in its use. Potter (1900: 448) did not succeed in sterilizing 
cultures of the turnip white-rot organism with chloroform, 
but Spieckermann (1902: 166) found chloroform effective for 
sterilizing the sap of vegetables invaded by his kale rot organ- 
ism. He does not state the amount used nor the method of 
agitation, but it was, presumably, used liberally, and thor-— 
oughly shaken. He reports no appreciable retardation of the 
enzym by it unless it be a gradual weakening after long stand- — 
ing of fifteen days or more. His results were, therefore, sim- 
ilar to ours. 

Van Hall 419038) used chloroform in his work upon his 
Bacillus omnivorus. His results are surprisingly at variance 
with those of all these others, since he found the addition of 
even 0.5% of chloroform destroyed all trace of activity in 
bacterial juices in one-fourth of an hour. We are unable. to 
reconcile this with our experience and in view of all the evi-~ 
dence must believe him in error in his interpretation of results. 


A COMPARISON OF THESE GERMICIDES. 


The trials of the chemicals previously mentioned were con- 
ducted at about the same time and there were frequent op: 
portunities for comparisons. Toward the close of the work 
a special series of trials was planned as follows in order to 
reach more definite conclusions upon the comparative effect 
of these chemicals on the activity of the enzym. . 

A series of ten broth cultures (10 c. c. each) five days olde 
was treated as follows: 


To each of two tubes No. 1 & 1’ added 1 ¢. c. of purified 
chloroform making 10% solutions. To each of two tubes No. 
2 & 2’ added 0.5 c. c. of 2% formalin making 0.1% solutions. — 
To leach of two tubes No. 3 & 3’ erystal of thymol (about 
0.05 g., i.e. 0.5%). To each of two tubes No. 4 & 4’ crystal 
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of phenol (about 0.5 g., i. e. 5%). Two other tubes were in- 
cluded in the series; one of these, No. 5, contained sterile 
broth in which the organism had grown for seven days and 
which had then been rendered sterile by passage through the 
Pasteur-Chamberland filter. The other, No. 6, contained a 
living culture of the organism, five days old. ‘Three days later 
transfers made from each tube except the last proved sterility. 
On the same day a sterile cube cut from living carrot root was 
inserted into each of these tubes. Forty-eight hours there- 
after the carrot tissue in tubes 1, 1’, 3, 3’, 4, 4’ and 6 were 
alike well softened, there being no evidence of inhibition by 
any of these chemicals and no greater softening in the presence 
of the living organisms than in these sterile tubes. The carrot 
in the filtrate (5) was considerably less acted upon and for- 
malin (2 & 2’) showed still less softening. Further examina- 
tion showed full softening in these latter tubes (2, 2’ & 5) 
at the end of nine days. Transfers at the close of the ex- 
periment proved continued sterility in all the tubes except 
one of those containing chloroform. 


These confirmed the evidence from previous trials and led 
us to conclude that neither chloroform, thymol nor phenol 
had any inhibiting effect on the enzym; that well developed 
broth cultures sterilized by the addition of any of these pos- 
sessed as active cytolytic properties as that in which the 
organisms continued alive; that formalin inhibited the en- 
zymic activity; that filtration through porcelain reduced the 
enzym content. 

To preclude the possibility of error because of the softening 
action upon the vegetable tissues of the broth itself, or of 
any of these chemicals, a series of contro] tubes was held in 
which carrot blocks were immersed in sterile broth without 
any added chemical and in similar ones in which the various 
chemicals were added in the amounts indicated in the above 
experiments. These carrot tissues in all cases remained un- 
softened. 


SECURING THE ENZYM BY DIFFUSION. 


Our observations upon decaying vegetables have shown that 
the cell walls are affected some distance in advance of the 
invasion of the organisms. This would indicate the diffusion 
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of the enzym through the intermediate tissues as was ob- 
served by de Barry (1886) in the case of Peziza and by others 
with similar parasitic invasions. When this first came to 
our attention it suggested the possibility of testing the dif- 
fusibility of the enzym through some medium impenetrable to 
the bacteria, partly as confirmatory of the above explanation 
and partly as another method of studying the action of the 
enzym apart from the organisms. Before we got to the point 
of undertaking this, however, van Hall’s (1902: 649) paper 
came to hand in which he describes his similar attempts and 
their very interesting results. In his studies upon his Bacillus” 
omnivorus he employed a modification of the plan developed 
by Beijerinck in his studies upon the mosaic disease of to: 
bacco. Van Hall’s method consisted in growing his organism 
in streak cultures upon the surface of agar, then cutting off 
a surface layer from this, carrying the streak, and transplant 
ing the layer to potato. In this way he secured the softening 
of the potato underneath the streak. In other cases he re- 
moved sterile bits of agar underlying the culture and trans- 
planted them to sterile vegetable surfaces for trial. i 

We found the method outlined in the following experiment 
a more convenient way of securing the same result. : 


Beef broth agar, two per cent, was poured into small petri 
dishes to a depth of about 3 mm. When this had hardened 
and the surface dried slightly, Bacillus carotovorus was im- 
planted on the surface of a small area at the center.. At the 
end of three days a good surface growth was thus secured 
about 1 cm. in diameter. A slice somewhat larger than this — 
layer of agar was then cut from the interior of a fresh turnip 
root and placed in a large sterile petri dish, using caution to 
avoid contamination. The layer of agar from the smaller 
dish was then carefully lifted with sterile instruments and _ 
placed upon the surface of this turnip slice in the larger dish — 
and covered to prevent contamination. This was designated 
A. The details of the method may become clearer upon ex- 
amination of the accompanying figure. Two other dishes, B - 
and C, were prepared in like manner at the same time. AG 
layer of sterile agar was laid in a fourth dish upon a turnip — 
slice as a control and designated D. | 
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ia. 2. DiaAGRAMS TO SHOW METHOD AND RESULTS OF TESTING THE DIF- 

FUSIBILITY OF THE ENZYM THROUGH AGAR. 

No. 1, surface view; 2, vertical section of the same along dotted line e-e; 
-a, sterile slice of living turnip root; b-b, layer of nutrient agar bearing the 
acterial colony c—c; d—d, region of most active enzymic action; the extent 
f softened tissue at the end of 24 hours is indicated by the dotted area in 
Yo. 2; No. 3 shows a single cell of this softened turnip tissue. 


At the end of twenty-four hours, examination of this con- 
trol, D, showed the turnip underneath the agar to be un- 
changed, except for a slight yellowish stain imparted by the 
igar to the surface; no softening whatever had developed. 
Upon lifting the agar in the first dish, A, the turnip showed 
im area immediately underlying the colony and somewhat 
larger than the surface spread of this in which the tissues 
vere slightly browned and softened exactly as where invaded 
by the organism. Bits of this rotten turnip tissue were im- 
mediately transferred to each of three broth tubes to test 
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sterility. In none of these, neither in any of several similanl 
tested later, did growth develop, showing beyond question that 
this softening a the tissues was due solely to the bacterial 
products which diffused through the layer of agar from the 
.surface colony above. Upon more carefully examining the 
turnip slice it was found that there was a slight softening of 
the surface over the entire area covered by the agar, b-b, of 
the diagram Fig. 2. The area immediately underlying the 
colony was softened much more deeply however, viz., about 
1-114 mm. The deepest softening occurred in a circle about 
2mm. wide underlying the margin of the colony, lying between 
d and d in the accompanying diagram, (Fig. 2). Micro- 
scopic examination showed exactly similar conditions to those 
which accompany bacterial invasion, viz., isolation of the cells 
as a result of the solution of the middle lamellae, with the 
residual walls swollen and taking a blue stain upon treatment 
with chlor-zine-iodide, and the protoplasmic contents showing 
granulation and plasmolysis. 


Several other dishes examined after twenty-four to thirty- 
six hours show results practically like the above except that 
in most of them the softening was to a uniform depth of 
1-2 mm. immediately underlying the colonies with a gradual 
decrease in this depth, as shown in the accompanying diagram 
which is drawn to exact scale as to size of colony and deem 
of softening at the end of twenty-four hours. 

In connection with the above work we also conducted simi- 
lar transplantations of colony-bearing layers of agar to the 
surface of sterile gelatin plates. Examination in such cases 
at the end of three days revealed liquefaction of the gelatin 
underlying the colony, but for an area equalling about twice 
the diameter of the colony above, and to a depth of one to two 
millimeters. Transfers from this liquefied gelatin to broth 
tubes proved its sterility and showed that the action here, as 
in the case of the vegetable tissues, was due to the diffusion 
of the bacterial products from the colony through the inter- 
vening agar. 
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SECURING THE ENZYM BY PRECIPITATION WITH 
a ALCOHOL. 


i Strong alcohol added to bacterial culture broths gives a 
flocculent whitish precipitate which includes not only the 
enzyms present, and various proteid matters, but also carries 
the bodies of the bacteria down with it. This is the com- 
monest method of securing enzyms in bacteriological investi- 
gations and is, therefore, in a measure a standard for com- 
parative work. It also has advantages over the other meth- 
ods especially in that it is possible easily to preserve this 
dried precipitate for indefinite periods. For these combined 
Teasons it was used in much of our work. We have found 
that 25 per cent of alcohol is fatal to the carrot-rot organism 
in broth cultures and since more than that amount was used 
in all our precipitation work, it is evident that this method 
insures the elimination of the living organism. 


METHODS. 


Several questions arose at the beginning as to methods 
which we will discuss under the following heads: 

1. Filtration.—The first of these was as to whether the 
alcohol should be added directly to the culture broth, thus 
giving a precipitate containing the bodies of the bacteria, or 
Whether it is preferable to remove the bacteria by passing 
the broth through a porcelain filter before precipitation. The 
trial reported on a preceding page showed that the filtered 
broth when tested directly possesses less enzymic activity than 
does the unfiltered broth. As is there shown, the precipitate 
obtained when such broth is rendered 80% alcoholic similarly 
has less enzymic strength than the precipitate from unfiltered 
broth. After a few trials had determined these facts all sub- 
Sequent work along this line was with culture broths which 
had simply been passed through filter paper.t This filter re- 
_ ‘Some students of cytolytic enzyms have objected to the use of filter 
paper because of the possible action of the enzym upon it. This occurred 
to us early in our work but repeated observations have shown this enzym 
4s entirely inactive on the celluloses proper. We have, therefore, used Schlei- 


eher & Schull’s filter paper, both for filtering the broths and for collecting 
the precipitate. 
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moves the coarser deposits but not the bodies of the bacter 
To the filtrate was then added enough 95% alcohol to rendei 
it alcoholic to the desired degree, usually 80%, the precipitate 
allowed to settle, the supernatant alcohol siphoned off, the 
precipitate, collected on filter paper, washed with either 95% 
or absolute alcohol and quickly dried, partially in a current 
of warm air, then in a desiccator over sulphuric acid. The 
dried precipitate, which is gray and somewhat brittle, was 
then powdered before redissolving in water. It is of course 
important to secure quick drying to avoid the possibility of 
alteration as a result of bacterial growth or of chemical 
changes in the precipitate. The drying must also be done at 
so low a temperature as to preclude danger of injury from 
heat to the sensitive enzym. In our earlier work we washed 
out the 95% alcohol with absolute alcohol in order to hasten 
the drying. Later it was found this made scarcely any dif 
ference in the time and no difference in the result, providing 
the moist precipitate was properly broken up so as to dry out 
quickly. Spieckermann (1902: 165) used absolute alcohol fol- 
lowed by ether, presumably to secure quick drying. Most of 
our work had been completed before his paper reached us, 
but we thereupon tested this method in comparison with that 
followed by us and have found it unsatisfactory. The pre- 
cipitate when the ether was used showed a diminution in its 
enzymic activity providing it stood in the ether long enough 
to displace the alcohol. Thus, holding the precipitate in ether 
one hour, while it did not injure it, made no appreciable dif- 
ference in its rate of drying; where in ether fifteen hours, it 
was only two-thirds as active and required almost as long 
for drying; where in ether for twenty-four hours it dried 
quickly, but possessed only one-fourth the activity of that 
dried directly from 95% alcohol. While a solution of the latter 
softened radish and turnip tissues in fifteen minutes, the 
former required one hour to accomplish the same result. : 

In further trials chloroform was used with part of the 
precipitate and ether with another part to remove the alcohol 
with a view to hastening the drying. Thus one-half of the 
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precipitate was dried immediately after washing with 95% 
alcohol. The balance was immersed for nineteen hours in 
absolute alcohol, then for forty-eight hours in chloroform,’ 
changing the chloroform once during this period. Upon its 
removal from this fluid the precipitate quickly dried to a 
chalky, brittle, white: mass. Comparative trials, using 5% 
aqueous solutions of the precipitate dried from the 95% alco- 
hol and that where the chloroform was used, showed them 
to be equally active. These results established our confidence 
in the method of drying directly from 95% alcohol and we 
have therefore continued so to do as it is more economical 
of both chemicals and time. We would again say, however, 
that its most successful use is in our judgment conditioned 
upon quick drying secured by breaking up the moist pre- 
cipitate and placing it in a current of dry, warm air. Inas- 
much as we found the use of ether injurious to the enzym 
and van Hall (1908) says that chloroform destroyed it in 
his trials, it is at least incumbent on anyone who employs 
either of them to determine their safety. It is, of course, 
possible that even with the same enzym secured from different 
broths artd in mixture with different compounds there might 
be different results with the same chloroform or ether, and 
even more likely that some brands of ether or chloroform 
might carry in solution substances acting deleteriously upon 
sO sensitive a compound as these enzyms. 

2. The most favorable strength of alcohol.—Precipitation 
with various percents of aleohol was tried early in the work 
to determine the relative amounts and strengths of the pre- 
cipitates thus secured. 

In the first trial, using beef broth cultures five days old 
and increasing the alcohol at four steps, fractional precipi- 
tates were secured as follows: 


At alcoholic strength of 20%, a mere trace of precipitate 
Was secured. 

At alcoholic strength of 40%, secured 15% of total pre- 
cipitate. | | 


> Mallinekbrodt’s ‘“M.C.W” brand. 
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At alcoholic strength of 80%, secured 80% of total p 
cipitate. 

At alcoholic strength of 90%, secured 5% of total pre 
cipitate. 

Trial of the last three precipitates ( i. e., 40%, 80%, 90%) 
on carrot sections showed all to have cytolytic activity, but 
that from the 90% had distinctly less than did the others 
Between those of 40% and 80% there was no noteworth} 
difference. In a second trial the culture broth was divider 
into three lots of 150 c. c. each, and each lot treated i. 
rately as follows: 


Lot 1, made 40% alcoholic, gave 0.005 g. precipitate, or 19% 
of total. 

Lot 2, made 60% alcoholic, gave 0.065 g. precipitate, or i 
of total. 

Lot 8, made 80% alcoholic, gave 0.390 g. precipitate, or 85% 
of total. } 


Trials of these precipitates on carrot and radish section: 
showed those from lots 2 and 3 to be of excellent activity ant 
about alike, whereas that from 1 required twice as long ti 
soften the sections. ‘ 

Since in both of these trials the 80% alcohol secured pray 
tically all of the enzym, and this in a state of the highes 
activity, that strength alone was used in all subsequent ald 
holic precipitation work. 

3. Reprecipitation—tThe precipitate obtained by the add 
tion of alcohol to the broth is, of course, composed only i 
part of the enzym, the larger eee being presumably othe 
proteid matter. In the hope of securing a purer state of th 
enzym a re-solution and second precipitation with alcohol wa 
made as follows: 


Two grams of the dry powdered precipitate obtained frot 
beef broth cultures was added to 400 c¢. c. of distilled watel 
the solution placed on ice and frequently shaken. At the en 
of four hours one-half was filtered off and, since filterin 
through paper did not remove the undissolved precipitate, ' 
was clarified by passing through a porcelain filter, then r 
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precipitated by rendering 80% alcoholic. The balance stood 
twenty-four hours on ice and was then filtered through six 
inches of calcined sand. This cleared it up but slightly. 
Sufficient alcohol to make this an 80% solution was added 
and the precipitate collected and dried. Comparisons were 
then made between like solutions of this reprecipitate, of that 
passed through the porcelain filter, and of the original. That 
passed through the filter was scarcely equal to the original 
in strength; that passed through the sand was slightly 
stronger, but not enough so to be of practical consequence. 
Reprecipitation was therefore considered of little advantage 
and was not tried further. 

4, The relation of strength of solution to actiwity.—When 
this dried alcoholic precipitate is added to water it swells 
promptly, but apparently only a small fraction of it is dis- 
solved. Two questions arose early in our work: first, as to 
the relation of the strength of this solution to the activity of 
the enzym; second, as +o the relative enzymic activity of (a) 
such solutions of the precipitated enzym and (b) of the original 
broth cultures from which the precipitates were secured. 

To determine the first point amounts equal to 1%, 5% and 
10% respectively were added to distilled water, plus chloro- 
form, and their relative activities compared on carrot and 
turnip root sections. The results in all cases showed the 
activity to increase with strength of solution, but not pro- 
portionately. The average of several trials led to the con- 
clusion that, with the precipitate used, it required twenty-five 
Minutes in the 1% solution to secure as complete enzymic 
action as was secured in fifteen minutes in the 5% solution 
and in ten minutes in the 10% solution; that is to say, the 
relative activities of the 1%, 5% and 10% solutions stand 
in the ratio of 6, 10 and 15. 

Our practice in all of the work here reported with alco- 
holic precipitates has been to use 5% solutions unless other- 
wise stated. 

The second question is of quite as great interest, since it 
involves the query as to whether the enzym is or is not injured 
by the action of the alcohol. 
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Fic. 8. SraGES IN THE ACTION UPON WALL OF THIN SECTION OF CARROT 
ROOT IMMERSED IN A 5 PER CENT SOLUTION OF THE BACTERIAL ENZYM 
SECURED BY PRECIPITATION WITH ALCOHOL. ae 
Normal wall shown in a; b, same, 7 minutes after immersion; ¢, after 13 

minutes; d, after 30 minutes action when only minute traces of the middle 

lamella remained. The cells lose coherence after the stage shown at b is 
reached (Camera lucida). ae 


Fic. 4. A SERIES OF CAMERA DRAWINGS FROM ANOTHER SECTION OF CARROT 
ROOT IMMERSED IN 5 PER CENT SOLUTION OF THE ENZYMIC PRECIPITATE. 
The normal walls shown at a; b, the same after 12 minutes; c, the same 
after 32 minutes action. v 


In general, the beef or vegetable broth cultures yielded from 
0.2 g. to 0.4 g. of the dry alcoholic precipitate for each 100 
ce. c. of broth. It is evident that the 1% solutions of this 
precipitate should contain some three times as much of the 
enzym as did the original broth cultures, providing that the 
precipitation and the re-solution are complete. On the other 
hand it is quite conceivable that the enzym may be injured 
by precipitation, in which case the aqueous solution of the 
precipitate might show weaker enzymic action than the orig- 
inal broth. _ 


_ To test this matter a portion of the precipitate from a six 
day beef broth culture was added to a volume of water equal- 
ling that of the original broth (0.015 g. of precipitate in 5 
c. c. of water, equalling 0.8% solution). The activity of this 
solution was then compared with that of a like broth culture 
sterilized by the addition of chloroform, and of third steril- 
ized by passage through a Pasteur-Chamberland filter. The 
results were that the first and second showed practically the 
Same degree of enzymic activity, whereas the third showed 
less than half as much. These comparative trials were re- 
‘peated on a later occasion. Here we used (a) the juice ex- 
pressed from a turnip decayed by Bb. carotovorus, inoculated 
three days previously; (b) an aqueous solution of the alco- 
holic precipitate obtained from a similarly decayed turnip, so 
made up that the volume of water equalled that in the original 
juice from which the precipitate came. No chloroform was 
added to (a), the living culture being used. ‘Trials of these 
on turnip and carrot sections showed the enzymic activity 
Of (b) to be fully as great as that of (a). The results of 
Spieckermann (1902: 166), which reached us after the earlier 
trials were made, are in accord with these. It is surprising 
that no loss occurs through precipitation and re-solution of 
a compound so sensitive as this enzym shows itself to be in 
many ways. 

In these trials the original broths and the aqueous solutions 
of a strength equalling them have proved on the average less 
than one-third as active as the 5% solutions which we have 
used in most of our trials with the precipitate; that is to say, 
these 5% solutions have rotted the vegetable sections in less 
than one-third the time required to do this where the sections 
are immersed in the living cultures. | 


RELATION OF CULTURAL CONDITIONS TO ENZYM 
‘ PRODUCTION. 


THE.MEDIUM. — 


The vigor of growth of the organism varies widely, of course, 
with the composition of the medium and with other cultural 
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conditions such as age and temperature. Various experiment 
were undertaken to determine the relation of these matters — 
to enzym formation, having in mind especially the conclusions — 
of some previous investigators that enzym production in cer . 
tain cases is a starvation phenomenon. 4 

De Bary (1886) looked upon the disorganization peodual : 
of the enzym of Peziza sclerotiorum, which dissolves the 
middle 'amella of the cell walls of various plant tissues, as 
the chief source of the nutrition of the fungus mycelium. He 
thought some sugar, available as food for the fungus, to be 
the product of the enzym action on the host cell walls. He 
considered, however, that the enzym was similarly concerned 
with action upon the protoplasm of the host. 

Ward (1888) concluded that the similar wall-dissolving 
enzym produced by the lily Botrytis is a starvation phenom- 
enon. Brown and Morris (1890) consider starvation to be 
a stimulus to cytase as well as diastase secretion in germi-— 
nating barley. They also (1893) found that diastase forma- 
tion occurs more actively in leaves during the night and con- 
cluded that this is attributable to the exhaustion at that time 
of soluble food, and hence is to be classed as a starvation 
phenomenon. ; 

Careful comparisons have been made as to the enzym 
product from growths upon several media® varying widely in 
nutritive elements and especially in carbohydrate content. 
These have included: 4 

1. Dunham’s peptone solution (1% Witte’s peptone, 0.5% 
sodium chloride) ; a medium upon which this organism makes” 
a very weakly growth. ; 

2. The same plus 2% cane sugar. In this the organism” 
makes a poor growth as compared with beef broth, but the 
clouding is estimated to be twice as dense as in the simple 
Dunham’s solution. This growth is of short duration, how® 
ever, owing, probably, to development of acidity, which in- 
hibits or even kills the organism. 
6 For details as to composition of the various culture media used in our 


work and the relative development of the organisms on these media, see Vt. 
Sta. Rpt., 18: 314. (1900.) ¢ 
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3. Neutral beef broth; the standard medium used in our 
work and one upon which the organism makes a good growth. 

4. The same plus 2% cane sugar; a medium in which the 
growth is more rapid than in plain broth. 

5. Cooked carrot broths. Two kinds have been used: 

(a) Those in which equal weights of pieces of fresh carrot 
roots and of water were cooked and sterilized together. by the 
fractional process in the steamer, 

(b) The same in which, after the first cooking in the steamer, 
the roots were crushed and the liquid expressed and filtered 
through several thicknesses of paper to remove. all of the 
cell-wall substance, then this filtrate returned to the flask 
and sterilized in the steamer by the fractional process. Both 
of these have, except in certain cases discussed below, proved 
to be the best of cooked media for this organism. 

6. Living vegetables. Fresh living roots of carrot and tur- 
nip are both quickly invaded and rotted by this organism, 
furnishing apparently ideal nutritive conditions. The ex- 
pressed juice from such recently decayed vegetables’ was used 
in comparison with the preceding broth cultures 1-5. 

The results were in general determined by comparing on 
razor sections of carrot and turnip roots the cytolytic action 
of like solutions of the alcoholic precipitates obtained from 
the above culture liquids. 

The sixth method, using fresh uncooked vegetable, has given 
the most active enzym product as well as the largest amount 
thereof. In comparison with beef broth, which yields on an 
average about 0.25% of dry precipitate (i. e. 0.5 g. of dry pre- 
Cipitate from a 200 ec. ce. broth culture), this expressed juice 
from decayed turnip after filtration through paper has yielded 
over 0.5% of a precipitate, a 5% aqueous solution of which 


—— 


_ | These were, of course, so handled as to insure pure growths of the organ- 
ism. This was most surely and satisfactorily done by taking several roots, 
washing thoroughly, soaking twenty minutes in 0.1% solution of corrosive 
sublimate, rinsing in sterile water, then with precautions against contamina- 
tion removing the surface to a depth of 0.5 to 1 em., cutting thick pieces 
from the interior tissues and laying in sterile petri dishes. Inoculations 
on the surface of these at temperature 20°-24° secured their decay in two 
to three days. 
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caused the complete rotting of a razor section from a turnip in 
ten minutes, whereas a like solution of the precipitate from 
eef broth culture required nearly two hours. Thus the 
former scheme not only gave twice as much precipitate but a_ 
solution thereof twelve times as active as was a like solution 7 
of the latter. Another comparison was made by immersing — 
the section directly in the living cultures, i. e., in the ex: 
pressed juice of decaying turnip and in beef broth cultures 
of the same age, viz., four days. Turnip sections so immersed — 
were fully rotted in twenty-five minutes in the turnip juice, 
whereas fifty minutes was required to do this in the beef 
broth culture; in other words, the former was fully twice as” 
active as was the latter. In other trials the difference was” 
even more marked, the vegetable juice being three times as- 
active as were the broth cultures. . 

The precipitates from the cooked vegetable broths, (a) and 
(b) of the fifth group have behaved about alike, indicating 
that the presence or absence of cell-wall substance has no 
effect on enzym production. Where a good growth has oc 
curred, somewhat more precipitate was secured than from beef 
broth, which approximated but did uot quite equal in weight 
that from the living tissues in enzymic activity. Since these 
were not secured and tested at the same time it is not possible 
to make exact comparisons. We have not, however, found 
these cooked vegetable media uniformly satisfactory.§ In oe 


>We have had some puzzling experiences with such cooked vecetable: 
broths, both of carrot and turnip. In our earlier trials (1900-01) they proved 
satisfactory media. In later ones (1902-03) they were unsatisfactory, this 
organism and various other soft-rot organisms failing to make strong growths — 
in them. We have been forced to attribute this to the development ot inhib- 
iting poisonous compounds as a result of the cooking. It is known that 
cooking at high temperatures in the autoclave may develop poisonous com- 
pounds in vegetable broths which wili completely inhibit bacterial growths. 
Dr. F. G. Novy advises us that these are probably decomposition products. 
of the carbohydrates. We have, therefore, never autoclaved such vegetable 
broths, but always sterilized by discontinuous cooking in the steamer. After 
experiencing the above troubles we tried cooking at still lower temperatures, - 
in one case below 80% but the results were no more satisfactory. Thinking 
the difficulty might be in the glass ware, we used very carefully cleaned 
Jena glass flasks but this seemed to make no difference. These differences are 
not associated with any marked loss of pathogenicity or other changes that — 
we could detect in the organism and we were forced to attribute them to. 
variations in the vegetable ‘used. i 
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cases excellent growths have developed, in others but weakly 
ones. In the former, as already stated, active enzymic devel- 
opment occurred, in the latter very little, i.e., the enzymic devel- 
opment was directly proportional to the vigor of growth. The 
beef broth cultures have given less active enzyms than these 
-yegetable media, as has been explained. We have, however, 
continued to use beef broth largely in our comparative studies 
for the reason that the enzymic activity is sufficient for those 
purposes and more reliance can be placed upon the uniformity 
of the medium. The addition of 2 per ct. sucrose leads to 
more vigorous growth of the organism, especially in the earlier 
Stages before too great acidity developed, and it is significant 
that more of the precipitate and with more enzymic activity 
was developed in the sugar broth (medium No. 4) than in the 
plain broth (medium No. 3). 

Thus companion cultures of these two media nine days old, 
of which the sugar broth showed an acid reaction (+4.2 
per ct.) and the plain broth was practically neutral (+0.7 

per ct.), were rendered 80 per ct. alcoholic. The sugar broth 

yielded 0.5 per ct. of dry precipitate, the plain broth 0.25 
per ct. A comparison of these cultures on carrot sections 
showed the former to be twice as active as was the latter, 7. e., 
to soften a like section in one-half the time. <A repetition with 
these two media, precipitating on the sixth day, gave similar 
differences but a little less marked. The Dunham peptone 
solution has proved a very poor medium whether with or with- 
out the addition of sugar. The alcoholic precipitate from such 
cultures seven days old (media Nos. 1 and 2 above) have shown 
scarcely appreciable enzym content. 

In conclusion, then, we may note that there seems a perfect 
correlation between the rate and vigor of the growth of the 
organism and the amount of enzym developed, i. e., the more 
Vigorous the growth the more the enzym; that the presence 
of cell wall substance had no appreciable effect on the amount 
of enzym developed; and that in beef broth cultures the addi- 
tion of sugar, which favors growth, also increased the enzym 

production. 
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There is nothing whatever here, therefore, to indicate that 
this enzymic production is a starvation phenomenon, but rather — 
to the contrary, since the more vigorous the growth the more — 
the enzym; moreover, the addition of carbohydrate food 
(sugar) seemed to stimulate enzym production, whereas the 
presence or absence of cell wall tissue seemed without effect. 
This last fact suggests the idea that the organism makes little 
or no use for nutritive purposes of the wall substance which 
it dissolves. 


THE AGE OF THE CULTURE. 


The enzym content was compared in carrot broth cultures 
(grown at 20-22° C.) of the respective ages of one and a 
half, three, five, seven, and nine days. A rapid increase was 
found from a scarcely distinguishable activity in the pre- 
cipitate from the one and a half days’ growth to a large amount > 
from that of five days, and a continued but slower increase to 
the strongest action from the oldest cultures, viz., nine days. © 
It was noteworthy that the increased degree of enzymic activity — 
in the precipitates from these carrot broth cultures was accom- 
panied by a like increase in the degree of rottenness of the 
vegetable tissues in the culture flasks.° : 

With cultures made in beef broth grown at laboratory tem-— 
perature the results were less marked than those just recorded 
for the carrot broths. The outcome in the series showing most 
positive differences is indicated herewith. Each culture con- 
sisted of 150 c.c. of broth neutral to phenolphthalein: 


*L. H. Jones, a student in our laboratory, working upon another (unde-— 
termined) species of soft-rot organism reached like conclusions. Thus he © 
found that cultures in potato broth eight days old gave an enzym less than 
one-half as active as were similar cultures sixteen days old. While a 5% ~ 
solution of the alcoholic precipitate from eight days’ growth required twenty- — 
five minutes to decompose a turnip section, like solutions from the sixteen — 
days’ growth rotted the sections in ten minutes. When the eight day culture — 
flask was opened it was found that the potato blocks were not fully softened, — 
but when the sixteen day flask was opened the blocks were completely rotten. 
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Age Amount 
Culture No. when Reaction of 
tested. Precipitate. 
IR a 3 days —2.2% 0.495 g. 
8S oe gece e wlede Gs —1.0% 0.460 “ 
ak sce te aes aia —0 .9%, 0.474 “ 
ae 5 Wy 6: llag neutral 0.445 “ 


Like solutions (5 per ct.) of these precipitates tested on 
carrot sections showed all to contain the enzym, the activity 
of the solution increasing with the age of the culture. There 
was distinctly more in 2 than 1; the difference between 3 and 2 
was very slight and that between 4 and 3 not great. Another 
similar series’ of cultures of ages four, six, nine and eighteen 
days respectively showed practically like enzym activities. 
The amount of enzym here, as in the trials with broths of differ- 
ent composition, seemed directly proportioned to the amount 
of growth. In carrot broths the growth is slower in starting 
than in beef broth and persists in its increase for a longer 
time. This slower start in comparison with beef broth is very 
likely due to the excess of organic acids present in the vegetable 
broth and to the further increase in acidity during the early 
development before the soluble carbohydrates are used up. In 
the neutral beef broth this inhibiting influence is not present 
and the bacterial development is at its height in about four or 
five days, aS judged by the degree of cloudiness of the broth. 
Here, as in the preceding trials, there is no evidence that the 
enzym formation is a starvation phenomenon, but rather the 
reverse—viz., the more vigorous development is accompanied by 
more enzym production. Moreover, the enzym after its excre- 
tion into the broth appears to be a fairly stable compound, 
hence tends to accumulate with the age of the culture. R. E. 
Smith (1902) develops a theory of the parasitism of Botrytis 
cinerea somewhat at variance with Ward’s idea that the enzym 
development is a starvation phenomenon, and more in accord 
with our own observations on this bacillus. Smith’s conclusion 
is that the fungus in the absence of abundant food cannot 
develop the wall-dissolving enzym. It can, however, develop 
a toxin which kills the host tissues. He regards the initial 
_ penetration of the host tissues by spore tubes following this as 
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merely mechanical. Later, having acquired “ vital energy ~ 
a result of higher cirieien the production of the wall-di 
solving enzym occurs and. this aids in the subsequent 2 0 
the fungus through the host tissues. 


TEMPHRATOURE. 


The optimum temperature for most rapid growth of B. car'o- 
tovorus is in the neighborhood of 28° to 30° C., 1. e., tubes will 
show clouding more quickly at this than at lower or higher 
temperatures. The presumption would seem to be that enzym_ 
production would be most active at this temperature, but our 
trials have shown otherwise. Where the enzymic activity of 
precipitates from broth cultures grown for eight days in the 
incubator at a constant temperature of 30° C. were tested in 
comparison with those grown at room temperature (18° to- 
22°), the latter have shown distinctly more enzym than those 
erownh in the incubator. We can offer no satisfactory expla- 
nation for this. Possibly comparisons at an earlier stage, say 
at three days’ growth, would have shown somewhat different 
results. It is also possible that the difference is due to less 
aeration in the flasks held at the constant incubator tempera. | " 
ture than occurs in those at the frequently fluctuating room — 
temperature. It is evident that this lack of aeration would — 
have more inhibiting influence with the older growths than 
with the early clouding. The result convinced us that better 
enzym production could be had outside than inside the incu- 
bator, and since making these trials all our cultures have been 
carried at room temperatures. 
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RELATION OF VARIOUS CONDITIONS TO THE 
ACTIVITY OF THE ENZYM. 


EFFECT OF LONG KEEPING. 


Se eee 


It is difficult to measure and record the rate of activity of 
such an enzym with a sufficient degree of accuracy to make 
exact comparisons. We have not succeeded in doing this to. 
our entire satisfaction. So far as we can judge, however, 
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‘there is no loss where the dried enzym-containing precipitate is 
kept for months or even years. Thus two samples of precipitates 
prepared and carefully tested in May, 1901, were kept and 
again tested in May, 1903, when so far as we could judge their 
activity was as great as when prepared two years before. 
Spieckermann (1902:166) states that the activity of the simi- 
larly dried enzym precipitate obtained from this kale-rot organ- 
ism was undiminished after four months in the dry state. 


RELATION OF TEMPERATURE TO ACTIVITY. 


Temperature relations were studied, using solutions of the 
alcoholic precipitate from carrot broth cultures and testing 
them on carrot sections. It was found that the action was 
Blight at 2° C., good at 22°, better at 32°, best at about 42°, 
inhibited somewhat at 48°, showed pronounced inhibition at 
50° and was practically or entirely checked at 51° and above. 
For example, the action was nearly twice as rapid at 42° as at 
22°; and at 32° it was practically midway in rate between the 
higher and the lower. The optimum lay between 40° and 45°. 
When such solutions were held at various temperatures up to 
49° for an hour, either in the presence or the absence of carrot 
tissues the enzym was uninjured, i. e., they showed normal 
activity when the temperature was lowered again. If, how- 
ever, the heating was carried to 51° or above for ten minutes, 
whether in the presence or absence of carrot tissues, little if 
any action ensued thereafter. 

A comparison of these results using the precipitated enzym 
with those described earlier in this article where the original 
broth was used, shows that the points of inhibition and de- 
struction were approximately ten degrees lower in the solutions 
of the precipitate. | 

It is interesting in this connection to recall (cf. Green 
(1901 :448) that observations upon invertase have shown that 
it withstands a temperature higher by 25° ©., when cane sugar, 
upon which it acts, is present than it does in its absence. A 
Similar variation, though not so extreme, has been observed 
With several other enzyms. This suggests that, in general, an 
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enzym may enter into such a relation, either with the s 
stance upon which it acts or with some other compound asso 
ciated with it in solution, that as a result it may receive some 
protection against the injurious action of heat or other dele 
terious agencies. It is, of course, possible that the enzym in 
the original broth is in such relation to some organic matter as 
to be thus protected, but our attempts to protect it by the 
presence of carrot tissues in these experiments were unsuc- 
cessful since, as stated above, it was destroyed at the same 
temperature whether in the presence or the absence of the 
carrot sections. It is to be noted, however, that we were work- 
ing here with the alcoholic precipitate redissolved in water. 
Woods (1899) has shown that the ozydizing enzyms of the 
maple leaf withstand higher temperature when in the juices of 
the plant than when in the presence of alcohol. 

In comparison with our results it is interesting to note that 
Brown and Morris (1890) found 35°-40° ©. an especially 
favorable temperature for the cytolytic enzym of germinating 
barley, whereas it became decidedly less energetic at 50° and 
was almost completely paralyzed at 60°. 2 


EFFECTS OF ACIDS AND ALKALIES, ti 

The organism as studied was found to be parasitic on various 
vegetables, all of which possess an acid cell sap. In the course 
of its development, however, it renders the sap alkaline. It 
appears of interest, therefore, in connection with the question 
of the parasitism of the organism to learn the relation of the 
reaction of the medium to the activity of the enzym. This 
was investigated, using the alcoholic precipitate obtained from 
carrot broth cultures. Solutions of this were made in dis- 
tilled water containing additions of the chemicals under trial 
and their activity tested on razor sections of carrot. The 
strength of the acid and alkali solutions was in all cases deter- 
mined by titration against phenolphthalein. : 
. Alkali—It was found that the presence of sodium hydrox- 
ide titrating —2% inhibited the reaction slightly, and that the 
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inhibition increased with the further addition of the alkali up 
to —10%, where it was total. 

Acids.’®° —A very slight addition of hydrochloric acid seemed 
favorable to the action of the enzym, a reaction of +0.5% 
being about the optimum. The difference between this and the 
neutral solution was, however, slight. When the reaction was 
42.5% or above there was great inhibition and at +5% it 
was practically complete. 

Various organic acids were tested also, the results in detail 
being as follows: | 


Strength 
of 
Acid. titration. Effect. 
a +0.8 percent. retarded slightly. 
rr +1.1 . & greatly. 
Se +8.0 rf complete inhibition. 
a +0.2 4 no effect. 
ee +0.5 . Ged 
a +41.0 : retarded greatly. 
oo +10.0 rs complete inhibition. 
| a0. 1h no effect. 
ee +0.4 “ ars: 
a Ue PO be cs retarded greatly. 
Me ee FLD 3 complete inhibition. 
Memmari¢..,.......... +0.14 “ no effect. 
> ae +0.55 -“ “ “(possibly slight retarding). 
SE +5.5 : almost full inhibition. 
a +0.2 [ no effect. 
MMs ke +0.8 : [+ te a 
ME we es +8.0 4 almost full inhibition. 
a +0.2 : no effect. 
5 +0.8 “4 eae 
re +8.0 c almost full inhibition. 


From these results it will be seen that these organic acids in 
no case aided the action; that where the acidity, as shown by 
titration, was +0.5% and less they were practically without 
effect; that +1.0% and above distinctly inhibited in all cases 
where it was tried, and that from +5% to +10% led to com- 
plete inhibition. Here again it should be noted that even this 
large amount represents only a very mild degree of acidity, 
viz., 0.5% more or less by weight. 


These acids were made up by weight and titration strength determined 
afterward. One per cent gravimetric solutions titrated respectively as fol- 
lows: hydrochloric +50; acetic +20; tartaric +11; citric +15.5; malic 
+15.5; formic +15. . 
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EFFECTS OF PLANT JUICES. 


Inasmuch as in the cases of actual decay of vegetables the 
enzym must occur in solution in the cell sap, it is of interest 
to learn whether the normally acid sap tends to retard its ac- 
tion as do the organic acids mentioned above. Two series of 
trials were made to determine this. In the first the juice was 
expressed from living tissues of each, carrot, radish and ripe 
tomato. ‘These were tested by adding to each, respectively, 
equal parts of a 5% aqueous solution of the precipitated enzym 
from a carrot broth culture. The result was, therefore, a 2.5% 
solution of the precipitate in half-strength vegetable juice. 
There was slight retardation in all cases in the rate of action 
as compared with solutions in distilled water, this being a little 
more pronounced in the case of the tomato. The test was 
repeated with the tomato juice by dissolving 5% of the pre- 
cipitate directly in the juice, thus placing the enzym in the 
presence of the full degree of acidity. Here the retardation 
was considerable, estimated at nearly one-half, i. e., there was 
about as much action in fifteen minutes in a water solution as 
in one-half hour in the tomato juic2 solution. 

Titration of these vegetable juices showed the digas of the 
tomato to be +5%, of the carrot +2%, of the radish +0.75%. 


THE EFFECTS OF OTHER BACTERIAL PRODUCTS. 


As a result of his studies on the bacterial soft rot of the 
turnip due to Pseudomonas destructans, Potter (1900 :451) 
suggested that oxalic acid produced by that organism may play 
some part in the destruction of the middle lamella and the 
separation of the cells. The above results show that neither 
oxalic acid nor any of the normal acids of the host tissues so 
function in the carrot rot organism. Indeed this organism 
produces no oxalic acid. It does, however, produce a small 
amount of some undetermined acid in the presence of carbo- 
hydrates. In order fully to determine whether this unknown 
organic acid or other products of the bacterial metabolism 
favor or retard the enzym action, broths of various kinds in 
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which the organism has been grown were heated to 80° C. 
to sterilize them and to destroy their enzym content. Two 
parts of each of these, respectively, was then added to one part 
of a solution in water of the enzym-containing precipitate and 
the activity of this mixture was tested in comparison with a 
solution of like strength of the precipitate in pure water. 
More or less inhibition resulted in every case, as follows: 
Carrot broth, cultures twelve days old, reaction to litmus 
‘slightly alkaline, slight inhibition; beef broth, cultures seven 
days old, reaction to litmus slightly alkaline, marked inhi- 
bition; Dunham’s peptone solution, cultures sixteen days old, 
reaction to litmus neutral, decided inhibition, estimated to be 
one-half as active as the solution in pure water; Dunham’s 
peptone solution plus 2% sugar, cultures sixteen days old, 
reaction to litmus strongly acid, decided inhibition, so that 
the tissues tested in this solution were not more acted upon at 
the end of twenty hours than were those in the simple Dun- 
ham’s solution at the end of two hours. There is no evidence 
here, therefore, that the products of the bacterial growth aid 
in the cytolytic action of this organism. On the contrary, the 
evidence is that they tend to inhibit it. 


DIASTATIC ACTION. 


Repeated trials by the most delicate methods we could devise 
have failed to reveal any diastatic action worthy of note. The 
only indication observed has been an extremely-slow and 
slight tendency to the conversion of starch into amylodextrin, 
as shown by a gradual change in iodine reaction from a clear 
blue to slightly purplish tint. Starch granules are not eroded 
even in cultures on potatoes, nor is there any change in the 
iodine reaction of such raw potato tissues, nor of cooked po- 
tatoes when used as a culture medium, except the slight one 
toward the purplish tint just noted. More delicate tests were 
made by mixing 1% of the washed starch from potato or wheat 
flour with water, heating to the boiling point, allowing to 
Settle nearly clear and then filtering off the supernatant 
liquid. In this way a very weak starch solution was secured, 
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but one which gives a clear iodine reaction. Saliva added to 
this solution removes the last trace of starch in a few mo- 
ments. Equal volumes of this starch solution added to a 5% 
solution of the enzym-containing alcoholic precipitate from a 
carrot broth culture of B. carotovorus underwent no change 
even after nine days’ standing, other than the slight conversion 
toward amylodextrin noted above. The enzym-containing alco- 
holic precipitates from beef broth cultures were likewise in- 
active. In this respect, again, the carrot-rot organism differs 
from Potter’s white-rot organism of turnip (1901) and agrees 
with Spieckermann’s cabbage rot organism (1902). 

Griiss and Reinitzer, as explained in detail later in this 
paper, have advocated the idea that the cytolytic action of 
barley malt is simply due to diastase and hold that no “ cytase” 
as distinct from diastase occurs in such extract. Newcombe’s 
work (1899 :81) shows the incorrectness of their conclusions as 
regards malt extract, and we-are convinced from our experi 
ments that in this soft-rot organism we have an enzym different 
from diastase. 3 


THE ACTION OF THE ENZYM ON THE HOST PLANT 
TISSUES. 


THE COMPOSITION AND ORIGIN OF THE MIDDLE LAMBELLA. 


Inasmuch as the action of this enzym is chiefly upon the 
middle lamella of the host cells, it will make the subsequent 
discussion of this matter clearer if we briefly review the facts 
as at present understood relating to the composition and origin 
of this portion of the cell membrane. Fortunately, some excel- 
lent work along this line has been done within recent years.” 

Examination of any mature parenchymatous cell, as of carrot 
or turnip root, shows the middle lamella as a more or less 
clearly defined refractive line through the middle plane of the 
cell walls. On either side, i. e., lying between this and the cell 
cavity is an inner lamella, or, as Allen ealls it, “ primary 
wall.” Where three or more cells meet in mature tissue inter- 


11 See critical reviews of the subject by Green (1901:298-300) and Allen 
(1902). : 
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cellulars commonly occur and often slits or openings radiate 
from these for some distance. These result from mechanical 
strains, doubtless caused by growth changes. 

Where such openings occur it is usually evident that the 
middle lamella substance has split along its middle plane and a 
brightly refractive border line of this substance bounds each 
inner lamella externally along these intercellular slits and 
spaces. In many cases, however, no such intercellular has de- 
veloped and the middle lamella substance extends as an appar- 
ently homogeneous layer of slightly varying thickness between 
the adjacent inner lamellae of the walls. At the junction of 
three or more cells this expands into an angular mass, com- 
pletely filling the space formed by the meeting of their rounded 
contour lines. As seen in section these masses are most often 
triangular. ‘There is some evidence from their deeper staining 
properties that these are denser than the thinner: lamellar 
plates, and our observations on the rate of solution, to be dis- 
cussed later, are in accord with this idea. 

Various opinions have been held as to the composition and 
origin of the middle and inner lamellae of the walls. It has 
long been understood that parenchymatous walls of the kind 
under discussion are composed of cellulose. More recently it 
has been shown that “cellulose” includes a group of closely 
related compounds. Moreover, if cellulose stains or solvents be 
applied to parenchymatous tissues it will appear that the inner 
lamellae are fundamentally cellulose, whereas the middle la- 
mella does not give the cellulose reactions. More critical ob- 
Servations will show that the inner lamellae are rarely if ever 
homogenous but also contain substances other than cellulose. 

Cross and Bevan (1895:78, 89) in their discussion of cellu- 
loses make two groups, (1) the cellulose group, (2) the com- 
pound celluloses. They further sub-divide the cellulose group 
into three sub-groups: 


(a) Resistant to hydrolysis, e. g., cotton. 
_ (b) Less resistant to hydrolysis, found in grass stems, ete. 
(c) Low resistance to hydrolysis, found especially in fleshy 


roots and in seeds. 
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They term groups (a) and (b) the celluloses proper. | Group 
(c) is held to be quite different from these, but for convenience — 
of treatment they allow it to remain in the larger group, accept. 
ing Schultze’s name as satisfactory, viz., pseudo-cellulose or 
hemicellulose. As defined more exactly the hemicelluloses are 
“substances closely resembling in appearance the true cellu- 
loses but easily resolved into simpler carbohydrates by the 
hydrolytic action of enzym or of the dilute acids or alkalis.” 

We are, however, chiefly concerned with the compound cellu- 
loses which Cross and Bevan term “ pecto-celluloses,” since 
these constitute the middle lamella and other wall elements 
acted upon by the carrot-rot enzym. The present understand- 
ing of these dates from the work of Fremy (1840, 1848), who 
found in plant cell walls, along with cellulose, another sub- 
stance which he called pectose. He also isolated from carrot 
roots and other plant tissues an enzym “ pectase ” capable of 
gelatinizing this pectose and related compounds, which will be 
discussed in more detail later. Subsequently chemists have 
confirmed Fremy’s observations and conclusions and class the 
pectose series of compounds with the celluloses as indicated in 
the discussion above from Cross and Bevan. Mangin has re- 
cently (1888-1893) made most extensive studies upon these 
matters and shows that here again we have not a simple com- 
pound but a complex of closely related compounds. These he 
divides into two natural series, the one neutral, the other 
acid. Pectose is one of the less soluble neutral series, and 
pectine is a more soluble form. Both of these are of wide 
distribution, especially in the walls of young tissues. Of the 
acid series pectic acid is of common occurrence and peculiar 
interest to us and especially its insoluble salt calcium pectate. 
Fremy supposed that when his enzym, pectase, clotted the pec- 
tose solutions it did so by converting the pectose into pectic 
acid. Bertrand and Mallevre (1894, 1895) have recently shown 
that this clot is, however, calcium pectate. Payen ?? believed 
that the middle lamella consists largely if not wholly of this 
salt, and the recent studies of Mangin and Bertrand-Mallevre 


2 Cf. Green 1901:248. 


have confirmed this belief. Moreover, these recent studies have 
shown that the inner lamellae contain varying proportions of 
pectose or pectic compounds intermingled with the celluloses. 
The relation of these is evidenced if Schweitzer’s reagent, which 
is a cellulose solvent, be carefully applied, when it will remove 
the cellulose and leave the pectic skeleton. The converse oc- 
curs, aS will be shown in detail later, when the carrot-rot 
enzym acts upon the walls, removing the pectic elements and 
leaving the cellulose. 7 

Mangin’s studies led him to conclude that in the early stages 
of its development the wall consists more largely of the less 
soluble pectose, whereas in the mature wall the calcium pectate 
predominates in the original plane, i. e., the middle lamella, 
and the pectose which occurs is in the inner lamellae, i. e., 
nearer the cytoplasmic layers. The proportion of cellulose be- 
comes increasingly predominant, however, as one passes from 
the middle to the inner layers. Although this is the case, 
there probably occurs, even in the young walls, a thin sheet of 
calcium pectate invisible under the microscope but evidenced 
by the splitting of the walls along the middle plane under the 
action of pectate solvents. With the increasing age of the cell 
this layer is thickened and more clearly defined until it becomes 
plainly visible in the mature cell as the middle lamella. The 
splitting of the lamella along the median plane as a result of 
the tensions set up between the growing cells indicates that 
this apparently homogeneous plate is in reality from the begin- 
ning a double sheet, one-half of which originated with each 
daughter cell following mitosis. 

Fremy’s enzym, pectase, which is especially abundant in 
erowing tissues, is supposed to function ** in this lamella for- 
mation by converting the insoluble neutral pectose of the inner 
lamellae into the more soluble pectine and ultimately into 
pectic acid, which then passing, perhaps by diffusion pressure, 
to the outer surfaces of the inner lamellae, i. e., to the planes 
Where this meets the middle lamella layers, is there combined 
with calcium to increase this middle lamella substance. This 
appears homogeneous, but as will appear later is, like the inner 


Cf Green. 1901:297-300. 


336 


lamella, distinctly stratified in structure, at least in the heavier 
parts at the angles. | e 

This conception involves the idea of the passage in the grow- 
ing walls of the pectose substances by gradual filtration 
through the cellulose layers from the protoplast where they 
originate toward the exterior, and is at the same time in accord 
with the idea of Allen (1902:31) that the young cambium wall 
really forms the basis of the middle lamella of the older tissues. 


THE ACTION OF THE ENZYM ON THE CELL-WALL. | 

The rapidity of the invasion of vegetable tissues by the carrot 
rot organism was discussed in our earlier report (1900 :307— 
312). As there explained it rots only parenchymatous tissues, 
The invaded tissues become watery and usually more or Jess 
darkened in color when exposed to the air. The cells rapidly 
lose all coherence and always show a sharply defined line of 
demarkation, indicating that the softening occurs quickly and 
completely after it begins. Examination of such recently de- 
composed tissues under the miscroscope shows the cells to be. 
already isolated or easily separable along the plane of the 
middle lamella. The protoplasmic sac within the cell is col- 
lapsed, more coarsely granulated than normally, and evidently 
dead and in the process of disorganization. Bacteria teem 
around and between these cells but are so rarely seen within 
them that where this does occasionally occur, one is led to 
attribute it to mechanical rupture of the softened walls rather 
than to direct solution. (See figures 1, 5 and 6.) — 4 

In the case of the inoculation of a cut surface of root kept 
in ordinarily dry atmosphere, the invaded area dries out very 
rapidly ; if, however, it is kept in a saturated atmosphere gray 
drops of exudate teeming with bacteria form on the surface 
and the tissues underneath become sunken. It is evident, 
therefore, that among the products of the bacterial growth are 
“active osmotic substances which draw the water, and of course 
soluble nutritive matters, from the dying or dead protoplasts. 
The organism is powerless to invade wilting or pithy and par- 
tially dried-out vegetable tissues of even the most susceptible 
varieties, such as turnip, radish and carrot. These facts, with 
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others to be set forth later, show its active invasion to occur 
in the intercellular spaces and along the planes of the middle 
lamellae. A fundamental condition of this invasion is an 
abundant moisture content in the host tissues, the more the 
better, apparently. The water-logged, or translucent appear- 
ance of the invaded tissues is doubtless due in part to the 
expulsion of gas incident to the filling of the intercellulars with 
liquid resulting from the plasmolysis of the cells, and in part 
to the changes in the optical characters of the walls themselves. 
The fresh walls are uniformly refractive throughout with a 
slight difference between the middle and the inner lamellae. 
Almost immediately following their immersion in either a living 
culture or an aqueous solution of the precipitated enzym the 
inner lamellae begin to lose their refractiveness. This change 
in appearance is evident even to the unaided eye if thin sections 
are closely observed. It is more rapidly followed under the 
microscope, and is then seen to be associated with a swelling 
of the primary wall or inner lamellae, sometimes to twice their 
original thickness, and with the appearance within a short 
time of a delicate laminated structure in these swollen walls. 
as shown in the accompanying figures. The middle lamellae 


Fic. 5. A sterile block cut from living carrot root was immersed for 20 
hours in a broth culture of 3. carofowvrus, then fixed in hot absolute alcohol, 
imbedded in paraffin and sectioned. The above sketch (x 250) shows a large 
thin-walled parenchyma cell lying about three cells inward from the surface. 
The enzymic action was here complete, the cells isolated and the intercellular 
Spaces gorged with bacteria, but the undissolved remnant of the wall kept 
them from invading the cell cavities. 


Fic. 6. From deeper lying portions of the same sections as Fig. 5. (x 375). 
The cells here were smaller and thicker walled. In a the bacteria were abun- 
dant in the intercellulars and the middle lamellae partially dissolved; b, 
from a little deeper, showed less advanced action, the walls swollen and — 
laminated but still cohering. 


Fic. 7. Cell membranes from the central part of the same sections (x 500). — 
The earliest stages of bacterial invasion along the plane of the middle lamellae — 
are shown in a and b, while c shows the action upon the walls in advance 
of invasion. The laminated structure appears both in the swollen inner 
lamellae and in the undissolved portions of the middle lamellae which occur — 
at the angles of the cells. 


also become less refractive, though not softly translucent, as do — 
these adjacent inner layers, and soon begin to melt away in the — 
thinner portions. The middle lamellar substances, as already 
explained, usually form thicker masses at the angles of the 
cells, often triangular as seen in optical section. As the thin- 
ner parts dissolve, these heavier portions remain isolated. There 
are now distinct openings between the adjacent cells in most © 
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places and the swelling of the walls has reached its maximum. 
Tapping on the cover glass, tearing with needle point or other 
mechanical test, will show that the cells have lost all cohesion, 
that is, that the tissues are fully “rotten.” Thin razor sections 
of carrot or turnip placed in living cultures or in active enzym 
solutions pass through these changes in from ten minutes to an 
hour, although longer immersion may be necessary to secure the 
complete solution of the thickest pieces of intercellular sub- 
stance. Meanwhile there is a slight thinning of the walls 
proper from without inwards, i. e., from the lamellar side 
towards the cell cavity, but this is not great and complete 
solution has never been observed either in the presence of the 
living organisms or in solutions of the enzym. In order to 
determine this matter to our satisfaction the same sections 
have been kept under observation for three weeks, with repeated 
measurements and camera drawings during this period, but 
there was little change after the first few hours. Cellulose 
Stains (iodine and sulphuric acid or chlor-zinc-iodine) give 
clear blue reactions with these fully softened walls, and this 
reaction is the same even after the longest immersion. ‘The 
lamination of the walls becomes increasingly apparent for a 
short time, after which there is no further change. 

In no case have we found evidence of any action whatsoever 
upon lignified or cuticularized walls. Vessels lie for days or 
weeks in the presence of the enzym with the walls unchanged 
in refractive character or other appearance or in staining reac- 
tion to phloroglucin. 

In order to follow the course of invasion more carefully 
blocks of fresh carrot tissue cut from near the core, with pre- 
cautions to insure sterility, have been immersed in broth culture 
tubes of B. carotovorus and at varying periods of time after the 
surface tissues had begun to show decomposition they have been 
carefully transferred to absolute alcohol to kill and fix the 
organisms in place, then imbedded in paraffin and sections cut 
three to twelve microns in thickness. For differentiating the 
wall tissues and organisms various stains have been tried, 
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including Ziehl’s carbol-fuchsin and aqueous solutions of Congo 
red, ruthenium red and methylene blue. 

The best results were obtained from the use of rutheniu 
red and methylene blue. It was found that about two minutes’ 
immersion in each of these in turn, followed by brief washing — 
in alcohol, gave slides showing excellent differential staining. — 
The organisms, the unaltered walls and the undissolved rem. 
mains of the middle lamellae retained the blue color and in — 
the walls which had been fully acted upon the red color pre- 
dominated. Examinations of slides so stained have shown very — 
interesting conditions. The Congo red also clearly reveals the 
solvent action, staining deeply the unaltered walls and giving 
but faint color to those from which the soluble part has been — 
removed. The line of demarkation between such deep and 
faint staining tissue is very abrupt, indicating that the solvent 
action is rapid and complete after the penetration of the active : 
substance. This action occurs some ten cells, more or less, in 
advance of the invasion of the organism. It is evident that 
the chemical agent causing this change penetrates the tissues 
and completes its action considerably in advance of the inya- | 
sion of the organism. The rate of the invasion was clearly 
dependent upon the nature of the walls and the form of the” 
cells. As already stated, no action occurs on cuticularized or 
lignified walls. Where the cells were much elongated in one : 
direction the action progressed more rapidly in the direction of ~ 
their longer axis. The organisms in the more recently invaded — 
portions were chiefly found in the larger intercellular spaces — 
at the angles of the cells. From these they made their way, 
evidently along the planes of the dissolved lamellae, occurnialay 
in the narrower portions as a single line of rods lying end to — 
end. In no case were they within the cell cavities, althougllle > 
they often crowded the lumina of the open vessels. The walls 
themselves showed in these stained sections the same transi- — 
tions noted in the fresh material, viz., swelling, and evident — 
lamination of the inner lamellae preceding the full solutivn ye 
the middle‘lamella. The middle lamellar substance itself, es- 
pecially at the angles of the cells where it occurred in larger | 
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masses, showed distinctly a laminated or fibrillar structure 
when partially acted upon, indicating that it, like the wall, is 
not of entirely homogeneous structure. 

The discussion thus far has been based upon observations 
made upon carrot tissues. Studies of the invasion of turnip 
and radish roots and cabbage petioles have shown practically 
similar conditions. The rate of softening of sections of these 
tissues in solutions of the enzym-containing precipitate and in 
living cultures has proved to be more rapid in the turnip, 
radish and cabbage tissues than in those of the carrot. In the 
latter the action was faster on the core than on the cortex 
tissues. It was more rapid in the young potato than in the 
mature tuber. On the beet root no action whatever occurred. 

In order to secure data for the above conclusions careful 
trials were made on two occasions with a 5% solution of an 
alcoholic precipitate containing a not very active enzym. This 
weaker enzym, acting more slowly, -permitted more satis- 
factory differentiation between the rate of softening of tissue 
of similar susceptibility. The trials were made about July, 
using vegetables fresh from the garden except for the potatoes 
of Series I. The details are as follows: 

Series I. Using thick razor sections of (1) old potato, core; 
(2) young carrot, a. core, b. cortex; (3) young radish, core; 
(4) young turnip, core; (5) cross sections of young cabbage 
petiole. The interval before complete disintegration was: 
turnip, forty minutes; radish and cabbage, about forty-five 
minutes ; carrot core, eighty minutes; carrot cortex, ninety min- 
utes; potato, one hundred minutes. 

Series II. Using similar solutions and vegetable sections, 
except that sections from a young potato tuber fresh from the 
garden were substituted for the old potato (1), and the fol- 
lowing were added: (6) cotyledon of pea, approaching ma- 
turity; (7) root of beet. The intervals before complete dis- 
integration were: turnip, radish, cabbage (about alike), thirty- 
five minutes; young potato, carrot core (about alike), eighty 
minutes; carrot cortex, pea (about alike), one hundred min- 
utes; beet, limp but no signs of disintegration even after 
twenty-four hours’ immersion. 

These observations as to the rate of action of the enzym on 


plant tissues clearly accord with the results from inoculations 
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into the corresponding vegetables made in our earlier studi 
(1900:307) and indicate, what we would expect, that aside 
from moisture relations the relative susceptibility or resist: 
ance of the host plants to infection depends largely, if not 
wholly, upon the composition of the middle lamellae. 


A COMPARISON OF THE ENZYM PRODUCED BY BACIL- 
LUS CAROTOVORUS, WITH CYTOLYTIC ENZYMS 
FROM OTHER SOURCES. 

CYTOLYTIC ACTION BY SOFT-ROT BACTERIA FROM OTHER 

SOURCES. 7 

In the course of these studies upon the cytolytic enzym of 
the carrot-rot bacillus comparisons have been made with the 
various other strains of soft rot organisms described in Part 

I of this bulletin, p. 258. In order to make this clear we will 

summarize the list, which includes 45 strains, as follows: 

Three strains of cabbage-rot bacilli isolated in Vermont ' 
FEF. R. Pember in 1899. i 
Twenty-three other strains of cabbage-rot bacilli isolated in 
Vermont by W. J. Morse in 1901. f | 
One strain of turnip-rot bacillus isolated by L. P. Spragte in 
‘Vermont, 1903. ) 
Twelve strains of soft-rot bacilli secured by Harding and 

Stewart in New York, of which one was associated with the soft 

rot of Amorphophallus simlense and the other eleven were > from 

the soft rot of cabbage. eo 
Six other soft-rot organisms from various sources, as follows: 

Townsend’s calla rot, Bacillus aroideae; Harrison’s cauliflower 

rot, Bacillus olereaceae; van Hall’s two iris-rot organisms, Ba- 

cillus omnivorus and Pseudomonas iridis ; Spieckermann’s kale 
rot organism (Bacillus), and Potter’s turnip-rot organism, of 

which the strain we had was also a Bacillus. , 

Forty of these forty-five strains, with three others, wel 
studied* in detail by Messrs. Harding and Morse, the details 


* Their studies did not include the following: Pember’s R., Pseudomona 
iridis, nor the New York organisms 0. 1 IT 6 ¢, O. 1 IT 6 a, and the baciliag 
from Amorphophallus. oe 
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of their studies being related in Part I of this bulletin. It will 
suffice here to say that their comparative studies as there re- 
corded lead them to conclude (p. 287) that these forty strains 
probably constitute only one somewhat variable species. The 
following comparisons as to enzym production were, however, 
completed before their decision was reached and we be- 
lieve they were worth recording partly as contributing fur- 
ther evidence as to the general likeness of these strains and 
partly as emphasizing the minor variations which we believe 
must always be expected to occur with different bacterial 
strains, even of the same (so-called) species. 

The comparisons as to enzym production have been made 
by testing both the living cultures and the alcoholic precipi- 
tates, following the general methods outlined earlier in this 
article. Inasmuch as the alcoholic precipitate yields the enzym 
in a more concentrated form, and one in which it can be pre- 
served indefinitely for comparative trials, this method has been 
chiefly relied upon. In all cases much care has been exercised 
to insure uniformity in the several series as to medium and 
cultural conditions. The trials of cytolytic activity were made 
on razor sections of vegetables, carefully selected for uni- 
formity, and the trials repeated until convincing evidence was 
obtained as to relative activity. Inasmuch as it was not prac- 
ticable, for obvious reasons, to make close comparison of more 
than a limited number of these at a time, they were handled 
in series of six or eight in a group. Since there was some 
variation in the vegetable upon which the test was made in 
different cases it is to be noted that B. carotovorus of the 
original strain, or some other organism whose activity was well 
known, was included in each series. In all cases except Pem- 
ber’s organism R cytolytic action occurred. In order to have a 
basis for comparison the organisms of each series were grouped 
in order of cytolytic activity into three classes, as follows: 


Class I. Activity moderate, | 135, carotovorus. _ be: 
standard of this class. oe 

Class II. More active than I, intermediate between We 
be Bh 
Class III. Most active, Vermont XLVIII and arn 


D well Pepresenung this class. 


activity. 
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SERIES I. EIGHT DAYS’ GROWTH; CULTURAL CHARACTERS ALIKE IN ALL; 
: CYTOLYTIC ACTION TESTED ON CARROT AND CABBAGE. 


Weight of Cytolytic Diastatic 


Organism. Reaction. Precipitate. activity. activity. 
Calla rot (B. aroideae)* 1% .465 gr. Lie 0. 
Pember 0 a 1% 254 Awe Ss 
PEs... 1% .532 “ 0. 
Vermont SooxITI. . 1% .344 “ tie 
Po VIIT. . 1% srl Le. 
B. carotovorus....... 1% 467 S i 0. 


TIA ANS VET ee OOS ET A 
4Jn some other trials Calla rot has proved about like B. carotovorus in 
enzymic activity. 


SERIES II. NINE DAYS’ GROWTH; CULTURAL CHARACTERS ALIKE IN ALL; 
CYTOLYTIC ACTION TESTED ON RADISH. 


Weight of Cytolytic Diastatic 


Organism. Reaction. Precipitate. activity. activity. 
Member A........... ISA ,805 gr. PET 0. 
Vermont XLVIII.... 1.4% sey ah 0. 

: lee. 1.3% .391 “ Ps : 

« Pye < | +1407, 393 « tie 0. 

¢ BN Lan 3, 1.2% .434 “ Le 0. 

a GLY 2 3... 1.3% .366 “ 1 0. 

‘ POV EL... Abe .293 “ Tre, 0. 

« Pit les 1.4% 260 “ Ly 0. 
SE a RE 


SERIES III. SEVEN DAYS’ GROWTH; CULTURAL CHARACTERS ALIKE IN ALL; 
EXCEPT THAT MORSE’S 98 SHOWED LESS AND PEMBER’S 2 HEAVIER CLOUD- 
ING THAN THE REST; CYTOLYTIC ACTION TESTED ON RADISH AND TURNIP. 


Weight of _ Cytolytic Diastatic 


Organism. Reaction. Precipitate. activity. activity. 
Vermont XXV.... 1.% . 300 gr. ivilia 0. 
. 2 ae 1.% oe Var pine 0. 
K Rese ties. 15% 241 -« i 0. 
See XXII... 0.7% wey VO ine 0. 
ty PULV ALL. 3... 0.9% RO TI 0. 
c ot A Gee 1.% LOD ae Lie 0. 
Mmere(........... 0.8% ~o0G ha TEL. 0. 
MU ie. 1.3% 125005 0. 0 


SERIES Iv. SEVEN DAYS’ GROWTH; CULTURAL CHARACTERS ALIKE IN ALL: 
CYCTOLYTIC ACTIVITY TESTED ON TURNIP AND RADISH. 


Weight of _Cytolytic Diastatic 


Organism. Reaction. Precipitate. activity. activity. 
Vermont XLVIII.... 1.1% 0.315 gr. 111. 0. 
Ree? 60%, (1/97, 0.335 « ee 0. 
i 1 REO yA 0.386 “ iby? 0. 
e ‘EAU ek ae 0.4% 0.230 “ Lit, 0. 
ay Phi.) < 8%, 0.317 « 1 0. 
: OV Nk. ERS 0.304 “ LED, 0. 
: movil) + 11.0% 0.300 “ ie 0. 
4 Peavs 6 1.2, 0.303 “ th 0. 


SERIES V. SEVEN DAYS’ GROWTH; CULTURAL CHARACTERS ALIKE IN . 
CYTOLYTIC ACTIVITY TESTED ON TURNIP AND RADISH. (VERMONT XLVIII 
FROM SERIES IV WAS INCLUDED IN HERE AS A CONTROL.) | 


Weight of Cytolytic Distal | 


Organism. Reaction. Precipitate. activity. activity. © 

Vermont Bye Ap arhe aig ay 153% 0.334 gr. tie Cra 
| RES ois Lo, 0.238 § 10k: 0. 
New York, Bao atte 2% 0.410 “ bie Oy: 
Miller, 3 No. 2 0.9% 0.380 “ 1 i fe 0. 

Fi 0. ate Bare iy 0.334 “ iP ae 

: Miller 2, No. 2 0.9% QO 20255: Lids. 0. 

: OR: Bae 1.2% 0.400 “ ba 0. 

Ob IT 6 Ga: 1% 0.440 “ Ee 0. 

Sect AAD ee TL 0.315 °= be 0. 


SERIES VI. SEVEN DAYS’ GROWTH; CULTURAL CHARACTERS ALIKE EXCEP 
GENEVA 10 WHICH SHOWED HEAVIER CLOUDING AND PELLICLE, ENZYMI 
ACTIVITY TESTED ON TURNIP AND RADISH. 


Weight of — Cytolytie Diastatic — 


Organism. Reaction. Precipitate. activity. aetivity. — 

New York, Miller 3, 3.... Lio 0.361 gr. 1 0 
‘ Miller 3, 1... 1.5% 0.240 “ Lis 0 
Riverhead 8, | L LOR Gea OO Oe ib OARS 0. 
0.1 II 6a. 1.53% 0.134.“ te O: 

(BCI BaRERGRRTER gk 1.5% 0.264 “ i 0. 

m . Riverhead 2, 1 1.8% 0:.2387-* TT; 0 
Vermont XLVI... ..: L7o%, 0.258 -“ 14; 0 


Series VII. SEVEN DAYS’ GROWTH; CULTURES SIMILAR IN VIGOR AND 
GENERAL APPEARANCE; TESTED ON TURNIP. 


Wei ght of Cytolytic Diastatic 
Organism. Reaction. Precipitate. activity. activity. 


Beearotovorus )0 0. Sa5%. 1.4% 0.689 gr. 1: 0. 
Kale rot (Spieckermann) Pade 07626 ig Be 0. 
iarnip Rot Dee. 1.8% 0.674 “ ILE: 0. 
Bolereaceae. ... 0.52. Ley; 0.350 “ Dy 0. 
Be Omnivorus .) woes 1.8% 0.435 “ 11. Q. 

0. 


Porters bacillus: esac 2 O2676° bE: 


These results are in general accord with those of preceding 
investigators so far as published. | 

Potter describes (1899, 1900) for his Pseudomonas destruc 
tans action upon the wall like that we have observed for B 
carotovorus. He records later (1902:393) evidence of direc 
penetration of the softened cellulose remnant of the wall by 
the organism. This is probably to be regarded as due to 
physical pressure rather than to solution of membrane, though 
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js so interesting and important a thing that it is to be hoped 
rat further confirmatory evidence may be adduced. Potter 
so records diastatic action by this organism. In comparing 
ar results with his it is to be borne in mind that the organism 
e have in culture is probably not his original organism, since 
is is a Bacillus instead of a Psewdomonas, 

Spieckermann (1902) describes in detail cytolytic action by 
is organism identical with that observed by us, and absence of 
lastatic action. ! 

Jan Hall (1903) likewise describes in detail cytolytic action 
‘opping short of complete solution of the cellulose wall and 
bsence of diastase action by Bacillus omnivorus. 

Harrison (1902) has attributed solution of the middle la- 
ella to the organisms described by him. 

We are therefore convinced that in all of these cases, includ- 
ig the forty-five strains of organisms from different sources, 
ere is developed the same middle-lamella-dissolving enzym 
sin B. carotovorus, and that moreover in all cases alike there 
; neither complete solution of the cellulose elements of the- 
all nor diastatic action. 


CYTOLYTIC ACTION AS RECORDED FOR OTHER BACTERIA. 
The fact that the softening and solution of plant cell walls 
ssult from certain bacterial growths has been known for many 
ears. 

Mitscherlich in 1850 observed the destruction of cell walls 
nd consequent liberation of starch when potatoes decompose 
1 water, and believed it due to the vibriones which develop in 
1e liquid. 

Van Tieghem (1879) studied the decomposition of various 
egetable tissues. He considered this due to the action of a 
ingle polymorphous species of Bacillus to which he gave the 
pecific name amylobacter. He found that these organisms 
ould decompose only the younger or less resistant tissues. 
Nd tissues and those lignified, cuticularized, or suberized were 
esistant to the action as also was the cellulose of bast fibres. 


x 
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De Bary (1887:101) accepted van Tieghem’s account of the 
breaking up of cellulose membranes by a “ diastatic enzym” in 
the process of decay attributed to Bacillus amylobacter. It 
is, however, generally agreed by bacteriologists to-day that this 
name is applicable to a class of bacteria rather than to any 
Single species. 

Vignal (1889) in his monograph on Bacillus mesentericus 
vulgatus records that it secretes a ferment capable of disso- 
ciating the cells of potato tubers by dissolving the intercellular 
substance, i. e., middle lamella, but without dissolving the 
cellulose of the wall. Similar action occurred upon parenchy- 
matous tissues of beans, chestnuts, turnip, carrot, cabbage, 
beets and numerous young stems when these were immersed in 
the cultures. In none of these did full solution of the cellulose 
walls occur even after three months. It is noteworthy that 
this organism at the same time developed several other enzyms, 
viz., diastase, a proteolytic enzym, and a rennet, and that the 
cellulose remnant of the wall persisted in the presence of all of 
these. 

Heinz (1889) observed a similar disorganization of the tis- 
sues of hyacinth as.a result of the invasion of the tissues by 
the organism he describes as Bacillus hyacinthus septicus. It 
is noteworthy that he found this organism incapable of lique 
fying gelatin, in which it differs from the carrot-rot organism. 

Van Senus (1890) observed the solution of fibrous and paren- 
chymatous plant tissues by bacteria. He attributes the action 
to B. amylobacter and a smaller kind acting conjointly, neither 
alone accomplishing it. His methods have been considered by 
later investigators too crude to insure reliable results.*® q 

Kramer (1891) isolated from decaying potatoes an aerobic 
spore-forming bacillus capable of dissolving the intercellular 
substance of potato tissue, and of attacking the cellulose mem- 
brane also. 

Frank (1899) found dissociation of the cells of potato as a 
result of the invasion of Micrococcus phytophthorus. The action 
of this organism likewise stopped short of the solution of the 


15 Cf, Omelianski, 1902:200. 
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cellulose layers, removing only the middle lamella, and also left 
the starch grains intact. 

Wehmer (1898) studied the bacteria concerned with the rot- 
ting of potatoes, all of which he regarded as of saprophytic 
nature. He found two types of decomposition to occur, asso- 
ciated with different organisms. In the first, “ breifaule,”’ the 
middle lamellae only are dissolved. He considers that the acid 
produced by the bacteria may be the agent in this solution of 
the pectic compounds, rather than an enzym. In the second, 
“schleimfaiule,” there is ultimately solution of the entire wall 
substance. 

Laurent (1899) working with Bacillus coli communis found 
that, although normally a saphrophyte as concerns plant tis- 
sues, yet when inoculated into weakened vegetables it developed 
there and in so doing acquired virulence as a parasite upon 
potatoes of full vigor, and also upon turnip and onion. There 
was no secretion of diastase (amylase). Heating the culture 
to 62° C. for five minutes destroyed this ferment. 

Lepoutre (1902), continuing Laurent’s work by similar meth- 
ods, developed strains pathogenic to plant tissues of three other 
species of bacteria, normally saprophytic, viz., Bacillus fluor- 
escens liquefaciens, B. mycoides and B. mesentericus. The 
first acted like B. coli communis in Laurent’s cultures, viz., 
dissolved the middle lamella, but not the cellulose or the starch. 
Lepoutre considered the solution of the lamella due to an 
enzym which he speaks of as a variety of pectinase, evidently 
accepting the name suggested by Bourquelot and Herissey 
(see discussion later in this paper). 

Migula (1900:529) states that the culture of his Bacillus 
asterosporus upon slices of cooked carrot leads to the solution 
of the middle lamella. 

Winogradsky (1895) studied the retting process of flax and 
considered it due to a single specific anaerobic bacillus. He 
concluded that this fermented the pectin elements readily but 
was without influence on cellulose proper, e. g., Swedish filter 
paper. This conclusion is in accord with the opinion expressed 
by Kolb (1868) that the retting process is essentially a pectic 
fermentation. 


oD 
Or 
ree 


Behrens (1902) studied further the organisms concerned with 
the different methods of flax retting. He found that in al 
cases alike the essential thing is the solution of the middle la- 
mellae of the parenchyma cells. He concluded that in the 
latter process a specific anaerobic bacillus is the agent, while 
in other processes fungi (Mucors) take the active part. , 

Haumann (1902) studied the flora of retting flax and con- 
cluded that there are numerous species of bacteria and fungi 
active in the process. He found several of these species capable 
of liquefying calcium pectate. | 

Doubtless further search would reveal other records of the 
solution of the middle lamella without evidence of the solution 
of the cellulose layers. It may safely be inferred, in our judg 
ment, that the action in most.of these cases was like that in 
the soft-rot organisms studied in our laboratory. These cita- 
tions will at least suffice to emphasize the point that such action 
on middle lamellae apart from action on cellulose is a common 
occurrence in bacterial fermentation. It must not be con- 
cluded, however, that cytolytic action by bacteria is confined 
to the middle lamella and like parts of the wall. While this is 
the action concerning which we have the most detailed evi 
dence, proof is not lacking that there are bacteria capable of 
causing the full solution of parenchyma walls, and even of the 
more resistant cellulose of fibre. 

KK. F. Smith (1903) has shown this in his painstaking vole 
-upon the black rot of the cabbage caused by Pseudomonas 
campestris, 

No other equally convincing evidence has come to our atten 
tion as to like action by bacteria parasitic upon plants. We 
have no doubt, however, that such cases will be found not 
infrequently as bacterial plant diseases are more: fully investi- 
gated. | a 
Omelianski (1895) began in 1894 a study of the solution of 
normal ‘or typical cellulose as represented by Swedish filter 
paper. The final summation (1902) of his painstaking work 
shows that at least two species of bacteria are capable of caus: 
ing the complete solution of this most resistant cellulose. HE 
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believes that further study will reveal other such organisms. 
He considers that in the so-called “ cellulose-fermentation,” 
earlier writers were dealing chiefly or wholly with the more 
easily hydrolyzable celluloses and pectic compounds. 
CYTOLYTIC ACTION OF CERTAIN FUNGI. 

Although it has long been known that fungi penetrate cell 
walls, de Bary (1886) first separated a cytolytic enzym from 
the living fungus and studied its characters and action. He 
thus proved that Peziza sclerotiorum (NSclerotina libertiand) 
secretes a soluble ferment which causes some swelling of the 
walls of vegetables invaded by it, followed by a solution of 
the middle lamella and consequent isolation of the cells. He 
observed a partial solution of the inner lamellae, and the re- 
sidual portion gave a beautiful cellulose reaction with chlor- 
zinc-iodide. 

Ward two years later (1888) did his painstaking work on 
the lily Botrytis. Here he found an enzym which causes a 
swelling and lamination of the inner and solution of the middle 
lamella of the cell walls of the host plant. He considered it 
“extremely probable this ferment is of the same nature as the 
one extracted by de Bary.” Ward also observed the extension 
of cytolytic enzym drops from the tips of the Botrytis hyphae, 
which he considered to be associated with the hyphal growth. 

Arthur (1897 :499) records similar lateral exudations upon 
the young hyphae of Rhizopus, which he believes’ to be asso- 
ciated with the local secretion of cytohydrolytic enzyin. 

Laurent (1899) in subsequent studies upon the Sclerotinia 
enzym found it to be destroyed by heating to 54° C. when in 
Solution, whereas it required 62° C. to destroy the middle la- 
mella dissolving enzym of Bacillus coli communis. He con- 
cludes from this that these enzyms must be different. His 
argument is less convincing from the fact that his two enzyms 
were secured from cultures made on different vegetable media, 
Viz., artichoke in one case and potato in the other. There may 
have been by-products from the Sclerotinia culture which low- 
ered its resistance. The fact was referred to, earlier in this 
paper, that Green (1901 :448) and others have recorded much 
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wider differences, under varying conditions, in the thermal 
destruction point of certain other enzyms. This must at least 
make one cautious in accepting conclusions drawn from such 
evidence. 

Kissling (1889) studied the pathogenic action of Botrytis 
cinerea and found that it formed a poison which kills the 
protoplasm of the invaded tissues, and which he thought en- 
zymic and the same as the ferment secured by de Bary from 
Peziza. Kissling did not, however, differentiate between the 
two changes which occur, viz., the death of the protoplasm 
and the dissociation of the cells. “- 

Kean (1890) showed that the decay of sweet potatoes and 
other vegetables as a result of the invasion of Rhizopus nigri- 
cans (Mucor stolonifer) is due to an enzym which softens the 
tissues, but he does not give the details of the changes as 
secured under the microscope. He found a similar softening 
by the juice expressed from potato leaves infested with Phy- 
tophthora infestans, also from a Botrytis growing on stone 
crop (Sedum). 

Miyoshi (1895) observed the penetration of the walls of 
different plants by Botrytis and Penicillium and inferred the 
presence of an enzym, but did not isolate it. 

Behrens (1898) published the results of his extensive studies 
upon the pathogenic action of Botrytis vulgaris (B. cinerea)” 
upon fruits and clearly distinguished between the toxic and 
cytolytic action. He showed that there is a toxin developed 
which is not destroyed by boiling, thus confirming de Bary’s 
observations, and in addition an enzym or enzyms which acted 
like de Bary’s in causing dissociation of the cells. He found 
enzymic action from Penicillium glaucum and P. luteum, but 
only upon the middle lamella. In order to determine the 
relation to cellulose and calcium pectate respectively he grew 
these fungi for forty-eight days on culture fluids containing 
Swedish filter paper. He found that Botrytis reduced the total 
solids whereas these increased with the other two. He con- 
cludes that Botrytis is capable of dissolving cellulose, probably 


16 Smith, R. E., shows these names to be synonyms. 
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converting it into dextrine, whereas the others are not. He 
then cultivated all three upon a synthetic medium containing 
1% calcium pectate. He found that these fungi grew better 
upon this than upon a similar medium containing arabinose 
instead of the pectate. On the other hand Oidiwm fructigenum 
did better on the arabinose medium. This result accorded 
with his later observations that the first three dissolve the 
middle Jamella of host plants by enzymic secretions, whereas 
the Oidium cannot, but makes its way wholly by mechanical 
pressure. He is of the opinion that the enzym of Penicillium, 
which dissolves the middle lamella but not the cellulose, is 
different from the cellulose-dissolving enzym. 

Nordhausen (1899) at about the same time made, independ- 
ently, similar studies upon Botrytis cinerea and reached very 
nearly the same conclusions. He emphasizes the fact that this 
Botrytis differs somewhat in its action from Ward’s lily fungus 
in that the enzymic solution of the middle lamella is not 
accompanied as a rule by the strong swelling of the inner or 
cellulose layers. In this respect the action is more like that 
of de Bary’s Sclerotinia. He considered the swelling observed 
by Behrens, of the cell walls of Symphoricarpus, an exceptional 
thing for this fungus. 

R. E. Smith, in a recent paper (1902) on Botrytis cinerea, 
reports that while it dissolves the middle lamella of lettuce 
parenchyma it causes no swelling of the residual layers. More- 
over, he found the action occurred even after the fungus 
extract causing it had been heated to the boiling point. He 
considered that this action is probably identical with that of 
de Bary’s Peziza, but that in Ward’s lily fungus and Potter’s 
turnip bacterium an enzym was produced different from any 
ordinarily produced by Botrytis cinerea. He emphasizes the 
importance of the role of oxalic acid, which is formed by this 
fungus and also by de Bary’s. 

Griiss attributed the cytolytic action of Penicillium to dias- 
tase. He applied the name allodlysis to such action in which 
the enzym evidently: penetrates the substance and the solution 
is preceded by visible changes, forming a “ corrosion zone,” as 
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Fic. 8. Camera drawings of margin of a very thin section of carrot rc 
tissue; a, normal; a!, same 13 minutes after immersion in 5 per cent. soluti 
of enzymic precipitate of B. carotovorus. (See also Fig. 4 where same soluti 
was used). Since the projecting wall fragment at o' was most fully expos 
to the cytohydrolytic action it was carefully measured to determine whet! 
it would undergo any shortening. The enzym solution was renewed, w 
the addition of chloroform to inhibit bacteria, and the slide kept under obs 

vation for three weeks, but no further solution occurred. 
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Fig. 9. Similar camera drawings of a bit of the cell wall-projecting f 
the margin of a thin section of carrot-root tissue. The normal wall is sho 
in a; b, the same after 20 minutes action of 2.5 per cent. aqueous solutio 
Taka diastase: e, after 22 hours action, showing the gradual solution of 
parts, the middle lamella being more persistent. : 


0, 
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Fic. 10. Similar drawings from another preparation; normal carrot wa 
shown.in a; b, the same after 2 hours action of 2 per cent. solution of i 
diastase. The continous lines show the more persistent middle lame 
The inner lamellae were entirely dissolved in places. 


contrasted with the surface erosion (‘ Abschmelzung”’) of 
starch grains by diatase."' | 

Newcombe (1899) published the results of studies upon the 
commercial preparation, ‘“ taka-diastase,” which is the enzym- 
containing precipitate from the fungus. .ispergilius oryzae. 
His tests upon barley endosperm sections showed a cytolytic 
action. The walls became hyaline, first near the middle, this 
change then progressing through the inner lamellae toward 
the cell lumina. Following this, these wholly hyaline walls 
(inner lamellae) began to disappear from the borders (cell 
lumina) toward the middle of the wall so that a faint and thin 
middle lamella often persisted for forty-eight hours after the 
beginning of the experiment. A similar melting away of the 
walls of the aleurone layer occurred more slowly. Newcombe 
also studied its action on the cell walls of the cotyledon of 
Lupinus albus with like results, the middle lamella again prov- 
ing more resistant to’ this enzym than did the inner lamellae. 

We have repeated Newcombe’s work and found the results 
as he describes. Trial was then made of taka-diastase in 
comparison with the enzym from B. carotovorus on carrot-root 
walls. The results are shown in the accompanying figures 
8-10. 


THE CYTOLYTIC ACTION OF POLLEN-TUBES. 

Elfving (1879) and Strasburger (1884) have studied the 
development of pollen tubes and found that in general they 
burrow through the plane of the middle lamella, thus passing 
between.the cells rather than through them. 

Miyoshi (1894) found the tubes capable in some cases at 
least of actually penetrating the walls. Both Miyoshi and 
Green (1894) conclude that the action of pollen tubes is such 
that the secretion of a cytolitic enzym must be inferred, Green 
made a series of careful experiments with pollen both before 
germination and during the process planned to demonstrate 
the presence of this and other enzyms which he judged to be 
present. He secured inulase and diastase but was unable to 


“See abstract of Grtiss article, Centralbl. /. Bakt. II. 2:585 (1896). 


356 


get evidence of cytolytic action from the extracts of any pollen — 
he tested. 2 
No later trials have come to our attention and we are there- 
fore unable to go further than to make inferences as to the 
presence of a cytolytic enzym in pollen. Green concludes that 
it is there in spite of his failure to secure it and that it is 
similar to the lamella-dissolving enzym of Ward’s lily Botry- 
tis. The penetration of the walls observed by Miyoshi may 
easily have resulted from mechanical pressure without the 
complete absorption of the cellulose layers of the walls. 


CYTOLYTIC ACTION IN SEEDS AND OTHER STORAGE TISSUES 
OF THE HIGHER PLANTS. 

The endosperm of seeds has the cell membranes character- 
istically of the easily-hydrolyzed or hemicellulose type, and 
the same is true of other plant storage tissues such as fleshly 
roots and tubers. The solution of these in the normal processes 
of germination or growth-resumption has long interested plant 
physiologists. 

Sachs (1862) observed the solution of the endosperm of the 
date palm, Phoenia. This was attributed to an enzym, but 
attempts at isolation of a soluble ferment from the seeds of 
another palm, Livistonia, by Green (1893:94) failed and it 
remained for Newcombe (1899:67) to secure the cytolytic en- 
zym from germinating seeds of Phoenia dactylifera. 

The first enzym of this class isolated from seeds was, how- 
ever, obtained by Brown and Morris (1890) from barley malt. 
They found that the alcoholic precipitate of malt extract con- 
tained a cytolytic enzym in addition to diastase. This fune- 
tions, during normal germination, leading to the solution of 
the endosperm walls preceding the solution of the starch gran- 
ules by the diastase. The details are of interest: First, a 
slight swelling of the inner lamellar walls, bringing out evi- 
dence of stratification; second, the gradual solution of the 
modified inner lamellae, the middle lamella being the most 
resistant; third, the solution of the middle lamella. Newcombe 
(1899 :52} repeated and confirmed their observations later and 
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states that the inner lamella was dissolved down to the middle 
lamella within five to fifteen hours, whereas the latter persisted 
for from one to tensdays before complete solution. 

Brown and Morris (1890 :500), testing the barley enzym on 
other tissues, found potato sections rapidly decomposed. It 
was found that the cell walls swelled, became differentiated 
into very thin laminae which later broke up into spindle-shaped 
fragments and ultimately disappeared with the exception of a 
thin layer representing the middle lamella. The artichoke, 
carrot and turnip behaved like the potato, but beets and apples 
were affected little or not at all. Heating to 60° C. rendered 
the enzymic solutions inactive on the walls, whereas this dia- 
static action withstood 70°. 

Brown (1892) has since found a like enzym in oats and rye 
and reached the conclusion that the cytolytic action which 
occurs in the early stages of the digestion of these grains by 
animals is due to the action of the ferment present in the 
erains themselves rather than to the digestive juices of the 
animal. 

Gardiner (1897:106) observed solution of the walls in the 
endosperm of J'amus communis during germination. The dis- 
organization of the walls was accompanied by marked stratifi- 
cation and the middle lamella was dissolved first, the inner 
lamellae later. 

Grtiss (1896) in working upon germinating barley, observed 
the same changes as Brown and Morris, and applies the name 
“allodlysis” to the behavior. His use of the term was ex- 
plained earlier in this article. He speaks of four sorts of 
“diastase ” which may be differentiated in germinating barley, 
(1) translocation diastase, (2) secretion diastase, (8) glukase, 
(4) cytase. He holds that the last of these “ must yet be held 
as questionable,” concluding that “secretion diastase’? may 
cause the cytolytic action and may be more and more weakened 
by heating above 50° C., so that it loses the power previously 
possessed of acting on saccharo-colloids. It is of interest to 
note that Griiss’ use of the word “ cytase” in the above con- 
nection marks the origin of this word so far as we have learned. 


Dos 

Reinitzer (1897) likewise refused to admit that the cytolyti 
action in barley is due to another enzym than diastase, although i 
he considers that an enzym, cytase, differing from the barley — 
enzym may occur in seeds having the walls thickened with i 
hemicellulose as a reserve material. 

Bourquelot and Herissey (1898) made trial of the enzymic — 
action of a barley malt extract, secured by the method of alco- 
holic precipitation, upon a solution of pectine from gentian. 
They found evidence of the presence of an enzym, destroyed ~ 
by heating to the boiling point, which was capable of so chang- 
ing pectine that it cannot thereafter be gelatinized by the 
action of the clotting enzym, pectase. This is, they believe, — 
due to’the conversion of the pectine into reducing sugars. 
For this enzym they propose the name pectinase. 

Green (1901:104) considers that they did not prove this 
“ pnectinase ” to be different from the cytolytic enzym of Brown 
and Morris, since the French observers did not determine what 
constituent of the wall is affected by it. Green appears, show- 
ever, to have overlooked a later publication by Bourquelot — 
(1899 :567) in which he states that when the solution of pectine 
was coagulated by pectase and this coagulum treated with the — 
malt enzym solution it gradually disappeared and coincidently 
reducing sugar was found, showing that it was a process of 
hydrolysis. He considers the action of these two enzyms, pec- 
tase and pectinase, on the compounds of the pectic series — 
analogous to that of rennet and trypsin, respectively, on casein, — 
in that one causes coagulation of the soluble forms while the — 
other liquefies the coagulum through hydrolysis. As eonfirma- — 
tory of his conclusions he cites experiments wherein he added 4 
the two enzyms simultaneously to the pectine solution. When 
the proportion of the pectase was larger as compared with the 
amount of pectinase there resulted first coagulation and then 
the gradual liquefaction of the coagulum. When the propor- — 
tions were reversed no coagulation took place. These latter — 
experiments would seem to disarm any suspicion that the solu- — 
tion of the clot as reported in the first experiment was due — 
to bacterial development. It is, however, a matter of regret — 
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hat Bourquelot gives practically no details as to his methods 
in these experiments, since it is evident from his statements 
that the changes occupied considerable lengths of time, and one 
yould wish full assurance of the absence of bacterial growth. 

In some of his other work with enzym solutions he relied 
upon chloroform, in some on “ thymol water,’ both of which, 
ve have learned, must be used with painstaking, if bacterial 
srowths are to be suppressed with certainty. In some cases 
1e has depended upon frequently raising the temperature of the 
solutions to 50° ©. to destroy bacteria. 

In spite of these criticisms, however, it seems to us that the 
onclusions of Bourquelot and Herissey must be accepted, viz., 
that there is present in barley malt an enzym, their pectinase, 
which hydrolyzes pectine, and also an enzym, presumably the 
sane, which hydrolyzes the pectic coagulum. Since this latter 
is regarded by most chemists, including Green, as calcium pec- 
fate and the same as the middle lamella in composition, the 
name pectinase becomes applicable to the middle lamella-dis- 
solving enzym of barley malt. 

The strongest objection to this dictum is that there may be 
msufficient ground for their conclusion that the action upon the 
pectine and the coagulum is due to one and the same enzym. 
These are closely related compounds and it seems to us their 
conclusion must be accepted until the contrary is proved. 
Phere is nothing in their publication to indicate whether or 
10t they regarded their “‘ pectinase”’ as capable of causing the 
solution of the hemicelluloses also. Since, however, they do 
not state to the contrary and later name only three enzyms 
W Occurring in barley malt*’ (diastase, trehelase and pecti- 
hase), we are led to infer that they so regarded it, and there- 
fore, aS Green says, they did not clearly define their “ pecti- 
mase”’ as different from Brown and Morris’ cytolytic enzym, 
‘or which Griiss later proposed the name “ cytase.”’ 

Newcombe (1899) made a comparative study of cytolytic 
nzvyms in the course of which he repeated and verified the 


*®Bourquelot, Em. Sur l’hydrolyse des polysaccharides par les ferments 
Oluble. Jour. Pharm. et Chem. 16:581. 1902. 
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observations of Brown and Morris upon the barley enzym and — 
secured similar soluble ferments from some other germinating ; 
seeds. He found the enzymic extract from the cotyledons of — 
Lupinus albus to be strongly cytolytic and but feebly amylo- ~ 
lytic. Extracts from both the cotyledons and the endosperm ~ 
of Phoenia dactylifera showed cytolytic and amylolytic activity, 
and here again the cytolytic action was relatively greater. 
There was, however, a noteworthy difference between the two 
date-seed extracts in that the one from the cotyledons had 
much greater amylolytic strength and relatively weaker cyto-— 
lytic activity. This showed that the action on starch and the 
action on cell wall were distinct and independent processes. 
This evidence was further strengthened by comparisons of 
these with barley malt extract and with taka-diastase, both of 
which were found relatively stronger in amylolytic action. 
This seems conclusive as against Reinitzer’s contention that 
the cytolytic action was due to diastase. : 
Further comparisons showed also a lack of correlation be- 
tween the rate of solution of the middle lamella and inner © 
lamellae, respectively. Thus the five solutions were made 10 
such a strength that all showed a like rate of action on starch. — 
Sections of barley endosperm were then immersed in them and 
the periods necessary for complete solutions of inner and of — 
middle lamellae, respectively, in each found to be as follows: _ 


Solution Solution 
Source of extract. of fo) 
inner lamella. middle lamella. 
Lupinus cotyledon........ required 9 hours. . required 21 hours. 
Date endosperm......... < Q:: aehe eae 11S 
Date cotyledon........... . PH) See GS Lig.3s 
‘Taka diastase... 00. So. 3.3 i 94-116 “  .. * over 312 “ 


Barley malt... ... 00220 .: 18 PQA I TGIS sheen nae «31a aae 


These figures also serve to indicate the differences in the 
relative amylolytic and cytolytic activities discussed above. 
Green in the second edition of his work on Fermentation — 
(1901 :105) cited these observations of Newcombe’s as confirm- 
ing his earlier idea that “there appear to be two varieties of — 
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cytase, one attacking most readily the middle lamella, the other 
the layers deposited upon it.” 

It only remains to refer in this connection to the accounts 
of two other enzyms of the cytolytic class. 

Effront (1897) obtained from the carob bean a ferment he 
ealls caroubinase. This acts upon a peculiar carbohydrate 
caroubin, differing from both starch and cellulose, which he 
obtained not only from this bean but also from barley and rye. 
Caroubinase has been classed with the cytases, but differs 
from those previously discussed in that it withstands a tem- 
perature as high as 80° C. It is of interest in the present 
discussion only as suggesting that other classes of cytolytic 
enzym may be revealed upon further investigation. 

Wiesner (1885) states that there occurs in gum arabic an 
enzym capable of transforming cellulose into gum and muci- 
lage. This apparently needs further study before acceptance, 
but it again suggests the same idea. 


CLASSIFICATION AND NOMENCLATURE OF THE 
CYTOLYTIC ENZYMS. 


In the first place we would again call attention to the fact 
that these studies have added strength to the argument that 
the cytolytic enzym or cytases stand in a class apart from the 
amylolytic enzyms or diastases. This is evidenced by the uni- 
formly lower point of thermal destruction of the cytases; by 
the fact that cytases occur which show no diastatic action 
whatever, e. g., that of B. carotovorus; by the further fact that 
diastases occur which show no cytolytic action whatever, e. g., 
that of saliva.1° Where enzymic solutions show both cytolytic 
and amylolytic activity they have been found to exercise these 
in unlike ratios, sometimes one and sometimes the other pre- 
dominating, as shown by Newcombe. The only conclusion per- 
missible is that in such cases two enzyms occur in mixture in 
varying proportions. 

As to the cytolytic enzyms, we are convinced that Green is 
right in his conclusion that these fall into two natural groups, 


- Cf. Brown, H. T., 1892:356. 


362 


the one active upon the pectic, and the other upon the cellulose 
elements of the cell membrane. Since both of these elements 
include a complex of chemical compounds we would naturally 
expect a corresponding variety to be shown in the enzyms 
which act upon them. There is, indeed, evidence that this 
does occur. The fuller understanding of the chemistry of the 
cell membranes must, however, precede such further subdivision 
of the enzyms acting upon each. For the present we can at 
least accept the following as representing well-defined groups 
of components in the simpler or less modified plant tissues: 
1. True celluloses. 2. Hemicelluloses. 38. Pectic compounds. 
In the more modified tissues there are: other compound cellu- 
loses, ligno-cellulose, etc., which do not here concern us. 

Evidence is not lacking that there are enzyms capable of 
hydrolyzing the true celluloses, but further study is necessary 
before their relationships can be defined. The cytolytic en- 
zyms, which have been studied in sufficient detail so that we 
can characterize them, act only upon the last two of these 
three classes. As already indicated, we consider these enzyms 
to be as clearly separable into two groups or kinds as are 
the wall elements upon which they act, and we believe it must 
conduce to clearness of understanding if a distinct name be 
accepted and defined for each of these kinds of enzym. 

The enzym of B. carotovorus and the related soft-rot bac- 
teria is a good example of one acting upon the pectic com- 
pounds, but not hydrolyzing the hemicelluloses. Such an enzym 
has heretofore been referred to usually as “cytase.” If the 
cytolytic enzyms are to be differentiated some more specific 
name must be found. Following the custom in naming enzyms, 
pectase would be the right name had it not been applied to 
Fremy’s clotting enzym. If one accepts the grouping of the 
celluloses outlined by Cross and Bevan and considers these 
pectic elements of the wall to occur in compound with cellulose 
or pecto-celluloses preference might be given to the name pecto- 
cellulase. This is not free from objection, however, since their 
term pectocellulose was applied to a hypothetical compound 
made up of non-hydrolyzable cellulose elements and pectic 
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elements which pass into solution under the influence of this 
enzym. This name if adopted would suggest an enzym capable 
of action on both these components alike. 

All things considered, we favor the name pectinase, which 
was suggested by Bourquelot and Herissey, as already ex- 
plained. An objection to this name is that it was originally 
applied to the enzym which hydrolyzes pectose. Later it was 
found that this same extract hydrolyzes the coagulum, or pectic 
clot. It was inferred that this latter action is due to the 
Same enzym as the former. Although this was not demon- 
strated, it seems to us sufficiently probable to justify its ac- 
ceptance as a satisfactory working hypothesis, and if so this 
name must be accepted for the enzym under discussion. As 
more broadly defined, then, pectinase is capable of hydrolyzing 
pectose when in solution so that it will no longer yield a clot 
under the influence of pectase, and also of hydrolyzing the 
pectic coagulum and the pectic elements in the cell wall, viz., 
the middle lamella and parts of the inner lamellae of certain 
tissues. As a further justification of the acceptance of the 
name pectinase in the broader sense we note a tendency in this 
direction in certain writings which have appeared since its 
promulgation.” 

Bourquelot and Herissey did not so define their enzym as to 
exclude its action on hemicellulose; in fact, the barley malt 
solution with which their work was done does so act. As 
already explained, this hydrolytic action on hemicellulose pre- 
dominates in the cytolytic action of taka-diastase, although 
action on the pectic compound occurs also. Since we have 
made some observations upon this taka preparation we will 
base our discussion on that. Two explanations are available 
for action such as occurs here, and in like cases where there is 
Solution of both of these wall elements. The first is that only | 
one kind of cytolytic enzym is present, which is allied to 
pectinase but differs from it in that it acts primarily on hemi- 
cellulose and to a less degree on the pectic elements. The sec- 
ond is that two distinct cytolytic enzyms are present in mix- 


 ® See use by Lepoutre (1902), also Oppenheimer (1901:193). 
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ture, viz., a small amount of pectinase, which causes th 
hydrolysis of the pectic elements, and a relatively larger amount 
of another enzym which acts on the hemicelluloses. New- 
combe’s results, referred to earlier in this paper, strongly 
favor the second of these two possible explanations and exclude 
the first. 7 

Accepting the conclusion that there is an enzym other than 
pectinase in taka-diastase, barley, malt, ete., of which the 
hydrolytic action is chiefly or wholly on the hemicellulose ele- 
ments of the cell membrane, we need a distinctive name for 
that also. The one introduced by Oppenheimer (1901 :187), 
cellulase, seems fit except that it is too general. It implies an 
activity on the celluloses generally, and especially on the cellu- 
loses proper. This enzym, which acts only on the hemicellulose, 
may better be termed hemicellulase. This is a self-explanatory 
name and Jeaves the name cellulase to be applied either in a 
more general sense to all cellulose enzyms, including this hemi- 
cellulase, or, as would be preferable in our opinion, reserving 
it for application to the enzyms which hydrolyze the celluloses 
proper, as recently studied by Omelianski (1902). These terms, 
pectinase and cellulase, have heretofore been used rather 
vaguely aS synonyms of Griiss’ term cytase, i. e., as applicable 
to cytohydrolysts generally. If they be restricted to the more 
exact usage defined above, it leaves the words cytohydrolyst, 
or better cytolyst, and cytase as convenient and satisfactory 
terms for. use in the broader sense to include in a general or 
indefinite way both of the above, and indeed any other related 
enzyms capable of hydrolyzing the cell membranes. | 
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TECHNICAL BULLETIN No. 12. 


ROWN-ROT, ARSENICAL POISONING AND 
WINTER-INJURY. 


J. G. GROSSENBACHER. 


SUMMARY. 


Crown-rot has been attributed to parasitic organisms, to 
senical poisoning and also to low temperatures. From the 
ailable literature reviewed in this bulletin and from recent 
servations (though there are many contradictions) there 
ems little doubt about its being due to low temperatures, pri- 
arily. But the relation of the main secondary factors, such 
_ the type of soil, soil moisture, stock-scion relations, and 
o0d-maturity, to each other and to the primary cause, need 
vestigation; and as a consequence proper preventive measures, 
ised upon general principles, cannot be formulated, but long 
{pensive tests must be made to determine these matters. 


INTRODUCTION. 


The name.—As stated by von Schrenk, in a short note on a 
fungus root-rot of apple trees, the term root-rot is too broad 
and probably includes several distinct diseases, some of which 
may be caused by parasitic organisms, others by adverse en- 
vironment and some probably by both. Only a detailed study 
of the factors concerned in causing this group of troubles will 
permit a diagnostic arrangement of the separate diseases. The 
term Crown-rot or Collar-rot is possibly rather indefinite too, 
for it also includes a rotting of the upper roots and sometimes 
partial decortication of the trunks. Though this may be only 
a group name, it is used here (till some more accurate term 
can be found in the action of the primary cause) to designate 
fruit-tree injuries which usually begin at the collar, near the 
ground line and frequently at the uppermost roots, and extend 
irregularly both up and down, browning and killing bark a 
wood. (See plates I-\V.) : 

The causes.—F rom a brief review of available literature of 
root-rots, crown-rots and other winter-injuries, as well as my 
recent observations, it seems that this disease is perhaps pri- 
marily due to adverse meteorologic and soil conditions, though 
another factor has been advanced as the primary cause of a 
disease of this type. It seems improbable that it may be 
caused by parasitic organisms, yet they are possibly factors in 
the later stages of the malady: after the normal functions of 
the trees have been sufficiently disturbed and some of their 
tissues killed. Opinions expressed in print seem mostly to 
agree as to the principal causes, but differ somewhat regarding 
the details of their operation. The relations of the significant 
factors are variously stated and possibly some of the important 
ones are still overlooked. x 

The problem.—Injuries of underground parts are not as eas. 
ily studied as diseases of aérial structures, and then too, sev- 
eral only partially known factors may be involved in Crown: 
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rot. How is the stock, upon which the variety is grafted, 
related to this disease and what are the anatomic and physio- 
logic relations of stock and scion to each other: are they com- 
patible? Also, what relation to the destruction of the cortex 
and the final dying of the wood to the center of the tree, have 
the fungi often found present on the roots, crowns, trunks and 
branches of affected trees? May low temperature induce in- 
jurious enzyme-action? 

Preventive measures.—The prophylactic measures advised in 
the main agree, but in some respects they are diametrically 
opposed. The disagreements are not to be wondered at, since 
but little work has been done in an endeavor to ascertain the 
causes under definitely controlled conditions and but little 
more upon preventive measures. The best methods of orchard 
management and the stock-scion relation required for par- 
ticular regions to reduce frost-injuries to a minimum, need yet 
to be determined, though some progress has been made in that 
direction. 


REVIEW OF LITERATURE ON FROST-INJURY TO 
FRUIT TREES. 


FROST-INJURY MOSTLY TO CROWN AND ROOTS. 


The earliest available reference on this type of frost-injury, 
in this country, is by T. J. Burrill.t| The most important ideas 
in this article bearing on the question may be very briefly 
stated. If late growth occurs, as may be caused by a moist, 
warm autumn, following a drought, a severe winter will injure 
the trees mechanically by freezing the relatively large quan- 
tities of water in the cambial region. It is said that ice 
formation in the cambial region, “ together with the consequent 
Shrinking of the tissues, * * * pushes off the bark.” It 
seems that the crown injury observed by Burrill occurred most 
often on the sunny side of trees. The injury was first noticed 
On account of the early yellowing of leaves in autumn. 


_1Climatal destruction of orchard trees. Thirteenth Ann. Rpt. Univ. 
Ill., pp. 283-93. 1886. 
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It is thought that cultivation and good drainage to secure : 
deep root-system, and mulching are good preventives. Be 


Davis grafted on a hardy variety is said always to have re a 


mained healthy ‘“ while root-grafted trees perished.” 


A. D. Selby ? discusses a severe case of winter-injury of an 
8 or 10-year-old orchard of Baldwins, with less injury to 
Grimes. A separation of bark occurred at the crown of the — 


es, 
_ 


trees, but mostly on the south or southwest sides. Burrill’s_ 


explanations and recommendations are given as preventives, — 


with the additional advice of avoiding late cultivation. In> 


Bulletin 121 of the same station he gives further observations, — 
stating that Grimes, King and some other varieties were se- 


verely affected. The injuries seemed to occur on any or all 
sides of trees, but mostly on the south and southwest. It is 


implied that fungi may be the cause. 


Stewart, Rolfs and Hall® record a case of King disease or 
Crown-rot, and attribute it to winter-injury. A row of Bald- 


wins near the center of an orchard was much affected. Various 


sized areas of bare wood occurred at the base of trunks. The ~ 
bark was said to have loosened two years previous and normal — 
callus ridges bounded the wounds. Ina few cases only narrow — 


strips of living bark bridged the girdled crown. 


What, no doubt, is the same disease is reported in the above 
bulletin on apricots. In one orchard where gaps, which had 
been caused by a collar-rot, had been filled with trees on 


various stocks without success, the injury seemed to begin at 
the union (just under the ground), above which a dead girdle — 


of cortex several inches wide was produced, and often ended in 


a sharp line at the living stock. It is stated that the disease — 
was possibly “brought about by the combined effect of uncon- 
genial soil, uncongenial climate and imperfect union.” Two — 
other orchards were found to have affected apricot trees with 
dead areas of bark from the ground upward, much like a case — 


7 Some dlenasce of orchard and garden fruits. Ohio Agrl. Expt. Sta. Bul. 
79, pp. 185-6. 1897. Bul. 121. A condensed handbook of the diseases of 


cultivated plants in Ohio. 1900. 
? A fruit-disease survey of Western New York in 1900. N. Y. Agrl. Expt. 
Sta. Bul. 191, pp. 802-3. 1900. 
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described in an earlier bulletin * of the same station. A Cyto- 
spora was found on the dead bark and considered a parasite. 

To show that the earliest observations on winter-killing of 
apple-tree roots are ancient, J. Craig® quotes instances from 
horticultural society reports of Minnesota, lowa and Wiscon- 
sin dating back to the early seventies. In these reports it is 
held that bare ground during severe winters permits root-injury 
and that mulching is a preventive. Craig observed that the 
basal portions of the upper roots, even of old trees, were se- 
verely injured during the winter of 1898-9. The region of great- 
est injury was found on the stock (near the ground line) from 
the base of the scion downward even to the depth of 10 to 12 
inches; below this injured girdle the roots were unaffected. 
Slight injury is said to have been shown by the discolored cam- 
bium and severer effect by the disorganization of the inner bark. 
Seedling roots were more often injured than scion roots on 
root-grafted trees. In fact it seemed that the trees escaping 
destruction were generally found to be dependent on a scion 
root system, though surface protection is’ thought to be the 
more important factor. Trees 5-15 years old were least in- 
jured and orchards on south slopes or on loam soils were less 
affected than those on north slopes or sandy soil. It is stated 
that fruit growers are agreed that severe, long, cold periods 
and unprotected ground are the primary causes of root injury, 
but that they differ as to the relation the amount of soil-mois- 
ture has to this injury. Some hold that a dry soil is conducive 
to winter-killing of roots and others that a wet autumn pre- 
ceded by a drought is the decisive factor when followed by a 
severe winter. According to the latter theory, which is thought 
plausible, freezing of the excessive water in the roots causes 
mechanical injury to the tissues. 

Ben Davis is considered less hardy than Pointed Pipka, but 
varietal hardiness is said to be unable to prevent injury when 
the ground is bare and the temperature very low. The hardi- 
_ «N. Y. Agrl. Expt. Sta. Bul. 167, p. 286. 1899. 


* Observations and suggestions on the root-killing of fruit trees. Iowa 
Agri. Expt. Sta. Bul. 44. 1900. 
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ness of the scion seemed not always indicative of a hardy 
stock. The least affected varieties arranged according to their 
decreasing hardiness are said to be Siberian crabs, native crabs, — 
Hibernal types of Russian apples, varieties of western origin, 
such as Northwestern, Patten Greening and varieties like 
Wealthy, Duchess and Tetotsky. + 
In localities of severest cold and least snow covering, the : 
trees in neglected, weedy nurseries were least injured, though 
varietal hardiness, deep planting and the extent of the scion 
root-system seemed also decisive factors. Banking and heading — . 
back are advised for injured nursery stock to induce the de- 
velopment of scion roots. The commercial apple stocks are - 
thought to be unsatisfactory; a hardy seedling stock should be 
secured. 4 
For orchards already planted, deep plowing in the spring 4 
followed by shallow cultivation till mid-summer, is advised, 
thus inducing early growth and the consequent early ripening y 
of the wood as well as to conserve soil moisture. A good — 
cover-crop, such as clover or vetch, is thought highly impor- — 
tant to prevent frost-injury of the roots.—To prevent injury to 4 
trees to be planted, it is suggested to plant unusually deep, — 
especially on well drained soils, not filling the holes com- — 
pletely but allowing subsequent cultivation to fill them. The — 
final conclusions are that a lack of a snow-covering and low 
temperature combined are the chief causes of root-rot in a 
nursery and orchard trees and that most injury occurred on 
clean-cultivated, dry knolls with northern exposure. Cover- 
crops and deep planting are thought of paramount importance. — 
Aven Nelson® suggests that since winter-killing is more 
common in Wyoming than in other states having equally low 
temperature, desiccation is the principal cause. High, dry ~ 
winds and low barometer are given as the causes of desicca- — 
tion—Late irrigation and mulching with straw, leaves or — 
manure are advised. 2 
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6 The winter-killing of trees'and shrubs. Wyo. Agri. Expt. Sta. Bul. 15 a 
1893. & 
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Some rather suggestive results along that line were obtained 
by R. A. Emerson’ from an experiment designed to indicate 
the relation of different percentages of soil moisture. and 
mulching to winter-injury of roots. One-year-old apple and 
two-year-old cherry seedlings were planted in boxes of loam 
soil of various degrees of moisture. Some of the boxes were 
put out on open ground and one into a cool, dry cave. In 
the open some boxes were mulched and others left exposed. 
The experiment was begun in December and ended in February. 

None of the cherry roots seemed injured severely enough to 
prevent further growth, while many of the apple roots were 
much damaged. The dead, brown cortical regions from the 
surface of the ground down one to seven inches, observed on a 
number of these trees, have a suggestive resemblance to Crown 
rot. It seems that similar injuries were found on other young 
trees which were not in the experiment. The tops-of these 
root-injured trees were generally unaffected. The apple seed- 
lings in unmulched soil with 10.4 per ct. soil moisture were 
injured decidedly more than those in boxes with 25.6 per ct. 
of moisture content. Straw mulch seemed to lessen liability to 
frost-injury due to low moisture content of the soil. “ Just 
why severe freezing should injure roots worse in rather dry 
than in moist soil is not shown by the test reported above. On 
further investigation it may be found that roots are simply 
unable to withstand severe freezing or to recover from it 
unless surrounded by an abundance of moisture. Be this as it 
may, it is quite probable that one cause of the great injury 
in rather dry soil is alternate freezing and thawing.” Emer- 
Son thinks that piece-root grafting of hardy varieties (making 
own-rooted trees) is advisable and also that budded trees 
should be planted deep. Cultivation and cover-crops are rec- 
ommended. 

More recently, he published § some observations on the rela- 
tion of a tree’s wood-maturity and its resistance to cold. It 

1 Experiments in orchard culture. Nebr. Agrl. Expt. Sta. Bul. 79, pp. 


26-32. 1903. 
® Nineteenth Ann. Rpt. Nebr. Agrl. Expt. Sta., pp. 101-10. 1906. 
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is concluded that the relative maturity of tissues, rather than a 
constitutional hardiness, determines the resistance to low tem- 
perature. But it is admitted that with some plants immunity _ 
is a constitutional matter. It is therefore important that sorts 
be used which mature early. Planting on high ground and . 
using a cover crop may induce earliness. | 

W. Paddock ° has also published some observations on a case - 
of apple tree root-rot. It is thought that the weakening of trees — 
by such agencies as excessive irrigation, winter freezing and — 
woolly aphis enable root-rotting fungi to injure and decay 
roots. Cultivation, cover crops and less irrigation are recom- . 
mended. 

Some interesting observations on winter-injury are recorded 
by G. P. Clinton*® in the Connecticut Experiment Station 
Reports. In the Report of 1903 good examples of Crown-rot ~ 
as well as other types of winter-injury are described.—The 
mild fall of 1902 was followed by zero (F.) weather on Dee- 

9. In nurseries or young orchards receiving late cultivation, 
the injury was mostly. to the wood, the cortex remaining 
unharmed. Severely injured, transplanted trees died during 
the following spring or summer, but when left in the nursery, 
cut back and banked, they were often saved. 

Orchard trees four to eight years old generally developed — 
dead areas in the bark, usually at the base of the tree and 
most commonly on the north side. In some cases the crown 
was completely girdled. Even much injured trees leaved out 
normally in the spring, but in July the leaves began to drop. — 
Though a fungus was found on the canker-like spots, it was — 
considered secondary. 

In the next report, the injuries caused by the severe winter 
of 1903-04 are described. The affected trees became evident 
again during the summer in young orchards and nurseries by 
severe injury to the wood down to the snow line or ground. 


® Colo. Agrl. Expt. Sta. Bul. 69, pp. 4-6. 1902. 
10Conn.. Agri. Expt. Sta. Ann. Rpts. 1903, pp. 303-4; 1904, pp. 312-13; 
1906, pp. 310-11; 1908, pp. 879-90. 
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Cutting back and cultivation seemed to help them. As pre- 
viously reported, the injury to bearing orchards was confined 
to the bark, mostly at the crown, younger trees sometimes 
being girdled and shedding many leaves during the summer. 
It is advised to remove the dead bark and paint over to 
prevent rot. It is thought that high, exposed hillsides are 
preferable to lowlands for orchards, more injury occurring on 
the latter. Late cultivation and excessive fertilization should 
be avoided. . 

In the Report of 1906 he gives observations on some typical 
apple-tree cankers which were studied in longitudinal and 
cross sections. ‘The cankered areas occurred on the sides 
most injured, and apparently the canker fungus largely got a 
start here through the smaller twigs that had been entirely 
winter killed.” 

A thoughtful discussion of the “ chestnut bark disease” is 
printed in his Report for 1908, in which a number of weighty 
reasons are given to show that Diaporthe (Valsonectria) para- 
sitica is not the primary cause of the chestnut tree disease of 
part of the Atlantic slope, but that winter-injury is responsible. 

Another brief but significant note on Crown-rot was pub- 
lished by O. B. Whipple, in which two. types of root rot are 
reported, one showing no preference for varieties and rotting 
only underground parts, the other affecting only the Ben Davis 
and Gano, but injuring both trunk and roots. The second 
type is said to be very destructive; the bark turns brown and 
the yellowing leaves drop early. The disease is thought to be 
infectious because Ben Davis trees, which were situated so as 
to receive drainage water from affected ones, were also found 
injured. However, the suggestion is made that “ Ben Davis 
and Gano are very tender as regards the application of arseni- 
cal sprays * * * arsenic collecting about the crown of 
the tree and killing the bark.” 

W. T. Macoun * gives an extended discussion of frost injury, 
stating also that many trees were root-killed and crotch-injured 


1 Colo. Agrl. Expt. Sta. Bul. 118. 1907. 
® Canad. Exptl. Farms Ann. Rpt. 1908, pp. 110-16. 
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during the winter of 1895-96 on the farm at Ottawa. Very : 
little snow fell during the winter and no cover crop was used. — 
Macoun thinks that sod may protect roots when there is enough — 
* moisture in the soil, but since sod soil is often too dry, it 1s — 
thought best to cultivate to conserve the moisture and then use 

a mulch or cover crop.—No winter-killing of roots has been 

observed since 1896, which is thought to be primarily due to the ~ 
use of Crab, Martha and Transcendent seedlings as stocks, — 
though it is conceded that the use of cover crops may also be 

an important factor. : 


FROST-INJURY MOSTLY TO AERIAL PARTS, 


Winter-injury to aérial parts of fruit trees frequently occurs 
when the roots and crown are but little affected. However, ~ 
since the effect on the wood tissue‘is very similar to that often — 
accompanying Crown-rot, it may not be amiss to include a 
few cases in this review. : 

L. R. Taft*® published a discussion of “ Frozen Trees and ~ 
Their Treatment,” in which it-is said that many trees were ~ 
injured or killed in Michigan during the very severe winter ~ 
of 1898-9. The injury was generally manifest by the browning ~ 
of the wood and bark, though sometimes only the former. — 
When only the wood was discolored it is thought that the © 
trees might produce several crops, if properly treated, but — 
when the bark has become loosened to a considerable extent, ~ 
their death seems likely to follow. In case of peach trees i 
under four years, which had been severely injured above the % 
snow line, it is advised to cut them back and train sprouts © 
from the stubs, but when only the branches are affected, they 5 
should be headed back. When the trunks and branches of — 
bearing trees are much injured, they should also be headed ‘ 
back to “four or five arms” so that the sap would not need — 
to pass so far through injured wood. The less severe cases of — 
bark loosening may also be overcome by cutting away the 4 
loose bark and covering with grafting wax. Cultivation, fer- : 


13 Mich. Agr]. Expt. Sta. Spl. Bul. 11. 1899. 
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& 
tilization, pruning and spraying are advised as rejuvenating 
measures. 

“Winter killing of peach trees” is also discussed at some 
length by Green and Ballou‘t*. Various factors are enumer- 
ated which were said to reduce the vitality of trees so as to 
make them more susceptible to winter injury. An instance is 
cited where an orchardist banked some of his trees with barn- 
yard manure and soil in the autumn preceding a severe winter. 
The unprotected trees in the same orchard “died almost toa 
tree ” while the banked ones came through the winter unin- 
jured. The orchard was on very stony and dry land. 

A case of “ Fruit trees frozen in 1904” is recorded by M. B. 
Waite,° in a Bureau of Plant Industry bulletin. Peach 
orchards in low, flat regions were much injured. Trees most 
severely affected had the bark of their trunks completely killed 
and often separated from the much-browned wood. However, 
about half the trees in the affected orchards were less injured. 
In these cases the snow-line region of trunks had browned wood 
and sometimes loosened bark with living cambium and dead 
young wood cells just within it. The fruit buds were found 
more resistant than the young wood and the cambium and 
leaf buds more than any other part of the trees. Trees one to 
three years old were said to be less affected than bearing ones, 
though nursery trees were found killed to the snow line. It 
is advised that peach trees with. the bark injured only near 
the snow line, even when partially loosened, be moderately 
pruned, well cultivated and fertilized to save them. 

Pear orchards are also severely affected, but a pear tree’s 
power of recovery is said to be slight compared to the peach; 
though the bark may seem but little injured, when the wood 
is browned the trees are thought to be unable to recover. It 
is suggested to cut them off at the snow line and grow sprouts 
from the stumps. 


4 Ohio Aerl. Expt. Sta. Bul. 157. 
= U.S. Dept. Agr., B. P. I: Bul. 51, pp. 15-19. 
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Later in the same year H. J. Hustace *® described some cases 
of “ Winter injury to fruit trees.” The injury caused by the 
winter of 1903-04 was said to be due to the early summer 
drought and heavy, late autumn rains of 1903 combined with 
fungus and insect injuries. The cambium layer is considered 
the part of trees first injured or killed, and dessication through — 
freezing the primary cause. Though it was not seen externally 
that peach trees were injured, both bark and wood of trunks 
were browned, especially just above the snow line. It is said 
that some peach and pear trees, having much discolored bark 
and wood from the snow line up into the branches, made a 
very good growth during the summer and produced fruit the 
second season. The older peach trees were much more severely 
injured than the young ones and made a less rapid recovery. 
Trees in low places were often entirely ruined while those on 
some heights bore fruit. But varieties were found to differ in 
their resistance to cold. Four varieties in one orchard of 730 
trees had the following relative hardiness: Stevens Rareripe 
produced a fair crop; Bray, some fruit; Elberta, a few fruits; 
and Reeves Favorite, no fruit. The trees in a one-year-old 
orchard of Baldwins and Rhode Island Greenings were killed 
back to within three feet of the ground, while Ben Davis seemed 
uninjuved.—A Kieffer pear orchard is cited where “the bark 
and wood were discolored black all through” in March, but 
which produced a fair crop. Some much-injured, old pear and 
peach trees were severely cut back in April: practically all 
died, while those left unpruned came through better and those 
moderately pruned best. But cutting back seemed to help 
young trees. S 

Selby 7 gives extensive observations on a case of winter 
injury ‘to orchard trees and shrubbery ” in which mostly the 
aérial parts seemed to have been affected. The rather cool, wet 
weather during the early-summer of 1906, followed by the 
unusually warm, moist late-summer and fall, resulted in 


16N. Y. Agri. Expt. Sta. Bul. 269. _ 
7 Fall and early winter injuries to orchard trees and shrubbery by freez- 
ing. Ohio Agrl. Expt. Sta. Bul. 192. 1908. 
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much and very late growth of apple trees in both sod and 
cultivated orchards. No light frosts occurred to check growth 
and ripen the wood till the cold wave of October 10-12, with 
a minimum of 18° F., killed many trees to the ground or 
snow line and produced dead, brown areas on the bark of 
others, especially in orchards where the trees had been set less 
than five years. Though some injured or dead trees could 
be located in February, many severely affected ones showed no - 
evidence of injury till midsummer, when their foliage became 
discolored, followed in many cases by death in late summer. 

- On various parts of the most exposed sides of trunks, sunken, 
brown, canker-like areas appeared. But the injury could gen- 
erally be noticed first by the presence of a brown inner-bark. 
At times, when the surrounding bark had grown sufficiently 
in thickness, a more or less definite crevice appeared, separating 
the living and dead bark. 

In several orchards cited 80-100 per ct. of the young Baldwin 
trees were either killed or severely injured and Rome Beauty 
fared but little better, while Ben Davis, Gano, Northern Spy, 
Jonathan and perhaps Grimes proved more resistant. It is 
Suggested that the hardiness of a variety depends upon its 
relative earliness of growth and ripening of its wood, and 
that susceptible varieties which are very desirable, be top- 
grafted on resistant sorts. 

The indirect effects of the severe winter-injuries of 1906-07, 
it is thought, would be noticeable for several years, since dead 
areas in the bark hinder “sap flow” and afford entrance for 
wound fungi which may rot the trunk or roots. 

As may be expected, winter-injury to fruit trees has also 
been recorded in Maine, though for obvious reasons mostly to 
trunks and branches. W. J. Morse*® says that in an orchard 
survey, after the very severe winter of 1906-07, it is shown 
that 11 per ct. of the trees in 950 orchards were either killed 
or injured. Baldwin and Ben Davis seemed most susceptible; 
however, Northern Spy, Greening and others were also affected. 


Maine Agrl. Expt. Sta. Bul. 164, pp. 12-21. 1907. 
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Though many injured trees had dead areas of bark on their 
trunks and large branches, in the spring of 1907, the most 
striking effect in an orchard of 1200-1500 twelve-year-old, Ben 
Davis and Stark apple trees, was shown at the crotches. It 
seems that about 75 per ct. of them were affected more or less. 
The dead bark of the injured crotches seemed recently killed 
and due neither to bacteria nor fungi. It appears that in 
‘most cases in which trees were not killed, crotch-injury was 
very conspicuous. It is thought that the accumulated ice in 
the crotches is the cause of the injury or canker. 


REVIEW OF LITERATURE ON FUNGUS INJURY TO 
FRUIT TREES. 


Several fungi of the hymenomycetous group are found more 
or less constantly about injured or decaying roots and crowns 
of forest and other trees many of which are still living. Pos- 
sibly a few of these are true parasites, though most of them 
probably only disintegrate non-living tissues of injured or dead 
trees. For some reason or other strict inoculation tests were 
generally deemed unnecessary to determine the pathogeneity 
of these fungi, the nearly constant presence of a fungus on 
injured or dead trees of one or more species having often been 
accepted as proof sufficient. Yet it may mean nothing more 
than that certain types of non-living tissues are suitable sub- 
strata for certain fungi. . 

Other fungi are commonly found on areas of dead bark or 
cankers of the trunks and branches of trees. It is often diffi- 
cult to determine what killed the bark, especially when exam-- 
ined in mid-summer or later. | . 


FUNGI ON THE ROOTS 


An extensive article on root-rots of trees was published in 
1896 by F. Cavara.1® It is there held that many supposed 


18 Contribuzioni allo studio del marciume delle radici e del depesmentil 
delle piante legnose in genere. Staz. Sper. Agrar. Ital., 29: 788-814. 18965 
reviewed in Zischr. Pflanzenkrank., 7: 360-1 5 LSU ie s 
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saprophytic fungi cause the death of trees. The sporophores 
of the following species were found on the crowns and roots 
of forest trees which were evidently diseased or injured more 
or less: Yremellodon gelatinosum, Polyporus versicolor, Tri- 
choloma saponaceum, Micena epipterygia, Pholiota aurivella 
and Lycoperdon gemmatum. R. Aderhold”*® also described 
“Wine Wurzelkrankheit junger Obstbiumchen.” About 5 per 
et. of the apple and cherry trees died in certain nurseries 
during mid-summer. The browning of the cambial region was 
the first indication of injury. The mycelia of two fungi were 
found present on many injured roots, and that of one, on 
all affected ones. The fungus always found present Aderhold 
thought may possibly be Fusarium rhizogenum. Inoculation 
experiments were tried with both fungi on apple and cherry 
roots but all were negative except one wound inoculation with 
Fusarium. In this case two small fibrous rootlets near the 
base of which the inoculation had been made, died and devel- 
oped the Fusarium mycelium, when placed in a moist cham- 
ber, though the inoculated root seemed to remain healthy. 
However, Fusarium was held to have caused the death of the 
nursery-tree roots. 

A very lengthy description of a root fungus is given by 
EK. M. Wilcox.*| In the summary it is stated that “ The root- 
rot disease herein described is found in many of the orchards 
of the Southwest and is very common throughout many parts 
of Oklahoma.” | 

A rhizomorphiec strand was found entering the cortex of a 
living Ben Davis tree through one of its dead roots. Cases. 
are also said to have been seen where the fungus entered the 
crown first and then spread to the roots. But in many cases: 
no mycelium was found ‘ more than five or six inches above 
the crown.” 

“A root-rot of apple trees caused by Thelephora galactina 
Fr.” is discussed briefly by H. von Schrenk.??. Three to six- 

200, Centbl. Bakt. u. Par., II, 6: 620-5. 1900. 


~ 4A rhizomorphic root-rot of fruit trees. Okla. Agrl. Expt. Sta, Bul. 49.1904. 
” Bot. Gaz., 34:65. 1902. 
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year-old trees are said to die in various states of the Middle — 
West as a result of the parasitism of this fungus, especially 
in orchards on recently cleared land. Trees with injured root 
systems become evident by their over-production of fruit. ! 

The fungus was transferred from oak roots to apple roots — 
and is said to have proved deadly within the year. Further — 
studies were promised but seem not to have appeared. At 
any rate, in Bulletin 149 of the Bureau of Plant Industry on 
‘Diseases of deciduous forest trees,’ by von Schrenk and 
Spaulding, only brief mention is made of this fungus as caus-— 
ing the death of oaks and getting on fruit trees in newly 
cleared land. : 

FUNGI ON TRUNKS AND BRANCHES. 


Perhaps the best-known example of the fungi commonly — 
found on dead bark or cankers of trunks and branches of apple 
trees in this region was described by W. Paddock.?* This” 
Sphzeropsis canker was found doing very much damage, es 
pecially on Esopus. Spitzenburg, Twenty Ounce, Baldwin, 
Wagener, Greening and King, while Tolman Sweet was found — 
resistant. os 

The affected trees are characterized by rough, enlarged re- 
gions on the larger branches and areas of dead bark on the 
trunks. Sphzropsis pycnidia appeared on most cankers, while 
on others the fungus is said to have died. SSometimes a branch 
having wilting or dying leaves is found to have a girdle of 
dead bark which is said to “ cut off the flow of sap.” However, 
it was shown by Paddock that Spheropsis mycelium pene 
rates the wood but seldom. : : 

Spheeropsis is said to infect trees in spring, becoming evi-_ 
dent as areas of discolored bark which seem to spread till 
mid-summer and then produce pycnidia. Infection is supposed — 
te eecur at wounds and injuries of various kinds on trunks 
and branches. It was shown by numerous experiments that 
the fungus could produce cankers when introduced under liy- 


* The New York apple-tree canker. N. Y. Agri. Expt. Sta. Buls. 163 
(1899) and 185 (1900). | 
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ing bark, but that it seems unable to do so when placed just 
under the outer bark of a living tree. It appears, however, that 
jin all but one instance of the 1898 inoculations Sphieropsis 
failed to live over winter, since only one of the cankers in- 
creased the following summer. 

The devastation by Spheropsis is said to have been con- 
siderable in the nineties. In one case the major part of a 
large, thrifty, well-tilled orchard was destroyed, while a short 
distance away an orchard on poor soil and kept in sod was 
but slightly affected; though inoculation experiments indicated 
that vigorously growing nursery trees were less affected than 
unthrifty ones. 

It is advised to scrape the trunks and branches of trees and 
wash them with a soap, lime and wood-ash mixture. Cankers 
and cankered limbs should be cut out and all wounds covered 
with paint or grafting wax. 

A. B. Cordley,** of Oregon, also describes an apple-tree 
anthracnose. 

This Gloeosporium is said to form cankers on the bark of 
branches mostly two to three inches in diameter, though larger 
limbs and the trunks are also affected. The first indications 
of the canker appear generally after the autumn rains as small, 
irregular brown areas on the bark, spreading slowly during 
winter and rapidly in spring, but ceasing in May. The pyc- 
hidia are produced from June to September on the brown, 
depressed areas, which are often limited by irregular fissures. 
The dead bark drops off in a few months, “leaving a wound 
Which requires several years to heal.” Occasionally a canker 
girdles and kills a branch. 

Thirty-six mycelial inoculations were made in the bark of 
Short sections of small, live apple-tree branches, which were 
placed in the sand of a moist chamber. The characteristic dead 
areas appeared in three weeks. 


*% Anple-tree anthracnose. Oreg. Sta. Bul. 60 (1900); and a more detailed 
account, “Some observations on apple-tree anthracnose,” Bot. Gaz., 30: 
48-58. 1900. 
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Another case of apple-tree canker was described by H. Hi 
selbring,”> and ascribed to a species of Nummularia. The 


wounds usually occurred on large limbs near the trunk, from 
which they extended up and down. The dying bark of the 
canker spots was first of a dirty brown color, later becoming 
rough, charred and punctured by “grayish ochre” colored 
stromata of the fungus. It is thought that the mycelium ad- 
vances more rapidly in the wood than in the bark because 
limbs “examined at points several feet away from the cankered 
spot” bad “brown and discolored” heart-wood. A branch 
dies by the time or before it is girdled. It is considered a 
wound parasite, which gains entrance through dead stubs, 
pruning wounds, ete. . 

H. H. Wetzel?* attributes a common form of apple-tree 
canker to the fire-blight Bacillus. Blight canker is said to 
have occurred very commonly in the upper Hudson River Val- 
ley and other parts of New York State, on trees 8-15 years 
old. About 95 per ct. of such trees were more or less affected 
on their limbs and trunks by this canker, and many of them 
were dead or dying. Crotch-cankers were found on numerous 
young and old trees, but it was thought that youn trees were 
more often killed an older ones. 3 

The beginnings of these cankers were more readily noticed 
on young, smooth-barked trees, as discolored, sunken areas. 
with slightly raised or blistered margins, and sometimes ex- 


uding a sticky fluid largely composed of bacteria, but fungi 
were found present only some time after the death of the 
bark. The dead bark soon turned brown and later dropped 
off. Wet, cloudy weather is said to favor the spread or exten- 
sion of cankered regions and sunlight to check them. Most 
cankers were limited to but one season’s growth, though some 
were Said to be perennial in their progress. a 

It is suggested that the large cankers at the bases of young 
trees and the disease on the crowns of King may also be aug 


Til. Agri. Expt. Sta. Bul. 70. 1902. — qo 
*®' The blight canker of apple trees. Cornell Univ. Agrl. Expt. Sta. Bule 
236. 1906. =. 


387 


= 


to the canker Bacillus. Collar-rot and crotch-cankers were 
thought to be the most destructive types of injury. 

It was shown by inoculating Bacillus into the bark of apple 
trees that the typical cankers resulted, and also that twig 
blight could be produced by introducing the organism into the 
bark of pear and apple twigs. It is suggested that Bacillus 
cankers may be expected in any region where fire-blight of 
pear and apple is prevalent. 

Wolf River and Tolman Sweet appear to be resistant, while 
Baldwin and Ben Davis are very susceptible. 

Blighted water sprouts and short spurs, which had been 
infected with Bacillus through insect and other injuries, were 
said to have been the ‘beginning points of many cankers of 
trunks and branches. Pruning and other wounds are consid- 
ered important places of infection. It is advised that cankers 
be cut out, disinfected with a corrosive sublimate or a copper 
sulphate solution and then painted over with some heavy lead 
paint; also that all dead twigs and water sprouts be pruned 
out, disinfecting and painting the wounds. 


REVIEW OF LITERATURE ON ARSENIC-INJURY TO 
FRUIT TREES. 


A rather interesting-addition to the Crown-rot discussion | 
is contributed by W. P. Headden*? under the caption, “ Ar- 
Senical poisoning of fruit trees.” Headden holds that the root 
and trunk injuries described by. Whipple ** on Ben Davis and 
Gano are typical cases of arsenical poisoning (a possibility 
suggested by Whipple), and that Spitzenburg, Early Harvest, 
Wolf River, Lawver, Blacktwig, Baldwin, Jonathan, Grimes 
and Pewaukee are also affected. 

It is stated in the bulletin that the excessive application of 
arsenical sprays, as practiced in some sections of Colorado to 
combat the codling moth, and the consequent accumulation of 
arsenic under the trees are sufficient to injure or kill them. It 


7 Colo. Agrl. Expt. Sta. Bul. 131. 1908. 
Colo. Agrl. Expt. Sta. Bul. 118. 1907. 
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was estimated that 0.9 pound of arsenate of lead, or 0.225 
pound of arsenic acid is sprayed on each tree in one season. Soil 
near the bases of these trees taken from depths of 4-12 inches 
yielded 25.5-61.3 parts of arsenic acid per million parts of soil. 
Most Colorado soils are said to contain from 0.2 to 1 per et. 
of alkalis (‘“sodic carbonate, sodic sulphate and sodic chlo- 
ride”), and Headden thinks that the accumulated insoluble 
arsenic salts are converted to soluble compounds by the alkalis 
in sufficient quantities to cause the death of the trees. i 
“The crown of the tree is found to be girdled, the bark on 
portions of the trunk dead and sunken and most of the roots 
dead, their bark destroyed and the woody tissue discolored, 
usually a light shade of brown and sometimes exteriorly black. 
ened.” “The limbs and branches of trees affected in this 
way usually, but not invariably, present a case of ‘ black 
heart.’ ”’ 
Samples of wood were taken from 11 apple and 3 pear 
trees and all gave the arsenic test. From 1.25 to Pa (7 parts 
of arsenic per million of wood tissue were found in the few 
cases in which quantitative determinations were made. To test 
the toxic properties of arsenic .05 to .5 gram portions of “ sodic_ 
arsenite” were added to the soil of herbaceous greenhouse 
plants “in two and a quarter to three-inch pots,” resulting in 
the death of all treated plants. <A case is cited where some 
arsenite of soda was said to have been emptied into an irrigating 
ditch twelve feet from an apple tree; two days afterward one of 
its large ditch-ward branches appeared diseased. A dead, de 
corticated root was found to extend to the. ditch while some 
other roots seemed normal. A strip of bark on the trunk, 
between the affected root and branch, was found to be brown 
and dead. ‘Thus it seemed that the arsenite of soda was ab- | 
sorbed by the tree, causing the death of both root, branch and 
intervening bark. The typical “black heart” of the affected 
trunk and branch was present. The root contained 34.5 parts 
of arsenic acid per million parts of tissue. 
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The solubility of lead arsenate was tried by suspending 1 
gm. in 2 |. of water and adding 2 gms. of Glauber’s salt. 
After three days considerable arsenic had gone into solution. 
A repetition of the experiment, using 1 gm. of common salt, 
gave Similar results. Lime arsenite was also found soluble to 
a high degree. It seemed therefore that the presence of lime 
sulphate in the soil would not prevent arsenic going into solu- 
tion. Though lead was found present in the injured trees 
lime arsenite is thought to have been the probable cause of the 
trouble. Both arsenic and lime were found present in exuded 
sap of injured trees and it is held that both had been injurious 
to the trees. 


SOME ORCHARDS STUDIED DURING THIS AUTUMN. 


Introduction.—Perhaps about half a dozen orchards were 
Studied more or less during the present autumn to obtain some 
information regarding Crown-rot. Sod orchards were gener- 
ally found but little affected by either this trouble or by other 
cankers, while all cultivated orchards visited were considerably 
marked by Crown-rot scars, though often but slightly by ordi- 
hary cankers. Cultivated orchards on thin, stony land seem 
more injured than those on deep, rich soil and are decidedly 
less able to recover. On deep, rich soil one often finds old 
apple trees with Crown-rot wounds which are surrounded by 
8-14-year-old callus rolls. On thin, stony land all severely 
injured trees seem unable to recover, dying in a few months or 
years. Cankers or crown-injuries in any affected orchard seem 
to date back to some one or more seasons. Often 2 to 14 years 
appeared to elapse between the occurrence of injuries. 

Mushrooms, such as Pleurotus and others, were sometimes 
found about affected crowns and roots, and fungi like Cyto- 
Spora and Spheropsis were common on canker-like upward 
extensions of Crown-rot. However, on the older, recovered 
trees having callus rolls around old injuries, bark fungi were 
absent. 
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Sodus orchard.—An apple orchard of twelve to fourteen-year- 
old trees was visited near Sodus, N. Y., Oct. 2, and found 
affected with Crown-rot. One section of this orchard consisted 
of 120 Ben Davis, another of 60 trees, 50 of which were Ben 
Davis. Only the Ben Davis were affected by the Crown-rot, 
though in another part of the orchard a few older trees of 
other varieties had old, callus-margined wounds. about their 
crowns. ‘The orchard is on rolling and somewhat thin, gravelly 
soil. The Ben Davis orchard was in sod until 1905, when it 
was planted to corn. On account of the cold, wet spring, 
cultivation was continued till August. The orchard was tilled 
from 1905 to 1908 and then allowed to develop a red-top sod. 
No spraying .of any kind had been done. Nineteen of the 170 
Ben Davis trees were more or less visibly affected, six of which 
were practically killed and taken out, i. e., about 11 per ct. of 
the trees were injured or killed. 

The affected Ben Davis trees could generally be located be 
their yellowing foliage and sometimes by their wilting fruits. 
Such trees were found to have wounds at their crowns or 
about the upper end of the stock. The injuries often consisted 
of long, narrow, dead regions with more or less decayed bark, 
surrounded by thin, irregular, callus ridges of about two or 
three years’ growth. Some trees had only one to three wounds 
around their crowns, ranging from one-half to three inches 
wide and from two to five inches long, while others were en- 
tirely girdled (as may be seen from plates III and IV). In 
some instances portions of bark above the crown wounds seem 
to have died during this summer. The small wounds were 
usually about the upper angles of roots. In case of completely 
girdled trees all lateral roots in the girdle were dead and 
decorticated. One tree with a broad band of decaying cortex. 
had a large lateral root near the surface of the ground, seem- 
ingly from the scion, which was partly living. (See Plate 
IV.) The roots below the girdles, about the terminal end of 
the stock, were usually still nnafected 

eae dina and cross sections of the crowns of four se- 
verely affected trees differed much in appearance. Some had 
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living, natural-colored wood out to the cortex, while others had 
dead, discolored wood to various depths toward the center of 
the trees. Often a wedge-shaped, dead portion of wood, in- 
cluding a dead root, extended toward the center of a trunk, 
while the other wood was living throughout. Trees showing 
marked evidence of Crown-rot always had one or more such 
root-wood sectors of dead wood extending nearly to the center 
(as shown in Plate V). From cross-sections it seems that 
the trees had been injured after the growing season of 1905 
or 1906, though it was not certainly determined owing to 
indefinite growth rings. The injury seems to have occurred 
after the first cultivation of the orchard. 

The right-half of the stump shown in longitudinal section 
(Plate V) and a piece of another stump were sent to W. P. 
Headden, October 14, and he says they look like his arsenical 
poisoning cases and analysis showed that they contained 
arsenic. 

Coxsackie orchards.—Other cases of Crown-rot were studied 
in well-tilled orchards near Coxsackie, N. Y. The injury seemed 
also to have occurred about two or three years ago and had a 
similar effect upon the trees. Some two to eight-year-old Bald- 
wins, Greenings and Ben Davis were severely affected; about 
13 per ct. of the Baldwins and 10 per ct. of the others. The 
orchards are on rolling, gravelly land which had been thor- 
oughly fertilized and cultivated, but the trees were never 
sprayed. They had been banked with soil in the falls of 1907 
and 1908. A neighboring sod orchard of the same age, but 
getting little care, had no evidence of the trouble; the trees 
were smaller but looked healthy. 

Geneva orchards.—One of the largest and probably the best- 
tilled orchard in the vicinity of Geneva, N. Y., consisting 
largely of Baldwin and Greening trees at least 45 years old, 
has over 6 per ct. of its trees affected with old Crown-rot scars. 
Various sized areas of bare wood, surrounded by about thir- 
teen-year-old callus rolls, are present on the crowns, especially 
on the higher, thinner land, while lower parts with deeper 
Soil seem to have fewer scarred trees. However, all the old 


scars seem to have originated during the same winter. On 
the higher, slightly gravelly knolls a few scarred trees were 
found with early yellowing foliage and decaying heart-wood. 
But in spite of these injuries and some gaps where trees had 
been removed, the orchard is probably the thriftiest and most 
productive in this region. It has been tilled about 15 years, 
but before that time it was pastured. It seems probable that 
the Crown-rot injuries occurred during the winter following 
cultivation, as in the Sodus case, but the good, deep soil with 
plenty of moisture enabled the ee to recover. 

A small and somewhat neglected sod orchard over thine 
years old was found to have no gaps or replaced trees nor any 
visible crown’ or trunk injuries, though the soil and location 
seemed practically the same as in the neighboring orchard just 
described. It appears that but little spraying was done. 

Kaperiment Station orchards.°® —Though many of the most 
affected trees were taken out of the Experiment Station or- 
chards at cifferent times, there are still about 3 per ct. of the 
older ones which have old Crown-rot scars. Some of the 
younger ones were evidently severely injured during recent 
years because the killed bark at their crowns has not yet en- 
tirely decayed, though the upper roots are devoid of cortex. 

The last stage of such a case is shown in a photo of a nine 
to eleven-year-old Ben Davis which had green bark from about 
one and a half feet above ground upward, though its leaves 
had all died and its fruits wilted. (Plates I and II.) The 
roots were not only decorticated, but dead throughout. The 
bark was still adhering to the dead, lower part of the trunk, 
though it was much roughened and cracked. Cytospora and 
Spheropsis were present on the trunk canker. A longitudinal 
section about one and a half feet above the ground shows 
the transition from living to dead alburnum or sap-wood and 
bark, though the heart-wood was discolored and dead at least 
several feet above. This tree was probably injured during ule 


Thanks are due M. J. Dorsey of the Horticultural Department of this 
Station, for looking up the records of some injured trees. 
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winter of 1902-03, for its record shows that it had been marked 
in 1903 to be taken out. 

‘Cross-sections near the ground of a few of the older trees, 
taken out this autumn, may be seen from plates VI to VIII. 
Several varieties are included. It is plainly evident from the > 
blackened frost-line of some, that it was the youngest wood 
inside the cambium and not the cambium itself that was 
killed. As may be seen, wood-rotting fungi destroyed the 
wood-cylinder inside the frost-line of some examples (plates 
VII and VIII), though others are unaffected (plate VI). Spo- 
rophores of a Pleurotus were found on the one having but three 
bridging regions of live alburnum and bark. In some instances 
frost-lines could not be seen in cross-sections four feet above 
the crown, while in others they were evident in sections of 
branches. It was difficult to determine the exact number of 
erowth rings developed since the injury occurred, but it cer- 
tainly seems a safe estimate to say that it happened from 12 
to 14 years ago, and very probably the latter. The callus rolls 
are mostly normal, though they were evidently injured in some 
instances. A few of the upper roots of each of these trees 
were more or less rotted, yet fair crops of apples had been 
harvested from them in recent years. 

Crown-rot, like Bacillus blight, seems most prevalent in 
thrifty orchards. In two of the examples described, the winter- 
injury seems to have followed the first cultivation of sod or- 
chards, but there may have been other factors involved. How- 
ever, there seems no doubt but that an unusually heavy succu- 
lent growth, which leads to late maturity of the young wood, 
is one of the main secondary factors concerned in the occur- 
rence of both of these troubles. 

Portions of the crown, trunk and branches of a dying, Crown- 
rotted, Bottle Greening tree (which had been set nine years) 
were sent W. P. Headden by F. C. Stewart. He reported, 
by letter, that arsenic is present in diminishing quantities 
from the crown upward. So it seems that, although Headden 
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says,* “There is no resemblance between our corroded crowns 
and the King disease, known as Collar rot,” they are prokaal 
the same disease. . 


CRITICAL SUMMARY OF THE PRIMARY CAUSES OF 
CROWN-ROT. 


There are, then, three distinctly different primary causes 
put forth by these various observers in accounting for Crown- 
rot—parasitic organisms, arsenical poisoning and low tem: 
peratures. 

PARASITIC ORGANISMS. . 

Those holding to the idea that parasitic organisms are pri 
marily responsible for this trouble base their conclusions 
largely upon circumstantial evidence. Nothing in the publica. 
tions by Cavara, Aderhold or Wilcox, referred to above, can 
be considered proof that the fungi discussed are other thar 
saprophytes, or at most wound parasites. Neither Cavara nor 
Wilcox records inoculation experiments. It seems probable 
that Wilcox’s “root-rot” is Crown-rot with the presence of 
his Clitocybe parasitica. Aderhold tried some infection ex 
periments, but from them it is more logical to conclude that 
the fungus was very remotely, if at all, connected with the 
production of discoloration in the roots of his nursery trees. 

Although von Schrenk appears to have gotten some positive 
results with Thelephora galactina as a parasite of apple-tree 
roots, the indicated distribution and characteristics of the 
disease make it possible to assume that 7. galactina is per 
haps a wound parasite gaining entrance to the wood through 
frost or other injuries. The suggestion by Whetzel, that the 
“fire-blight ” Bacillus may cause the King disease or Crown 
rot, probably belongs in the same category. 

ARSENICAL POISONING, . 

It stands to reason that, when arsenical sprays are appliec 

to fruit trees for years, arsenic will accumulate in the oe 


* In a reply to Ball on ‘‘Arsenical poisoning of fruit trees,” in the J: ourna 
of Economic Entomology, 2:243. 1908. 
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beneath, but it remains to be shown that such arsenic, though 
it may become soluble in soils, injures or kills the trees. 
Neither the association of a wounded tree and some fungus 
nor an injured tree and arsenic are certain indications that 
either the fungus or arsenic has any causal relation to the 
injury of the tree. 

Headden has shown by a number of analyses that consid- 
erable quantities of arsenic are present in the soil under some 
sprayed fruit trees, that crown-injured trees contain arsenic, 
that lead arsenate is appreciably soluble in dilute salt solutions, 
that lime arsenite goes into solution in the presence of sulphate 
of lime and that potted herbaceous plants died after the ap- 
lication of from .05 to .5 gram of “sodic arsenite.” But he 
has failed to show that arsenic is not present in uninjured, 
Sprayed fruit-trees, whether the arsenic in the soil and trees 
iS present as arsenates or arsenites, that arsenates or even 
arsenites are poisonous to fruit-trees when absorbed by their 
roots, if poisonous what amounts become injurious, how poison 
absorbed by tree roots can discolor or injure the heart-wood 
before discoloring the alburnum and cortex, and whether the 
arsenic was absorbed through the bark of the roots near the 
trunk or through the usual channels (root hairs) at the 
periphery of the root system, some distance from the trunk. 

It cannot be taken for granted that the arsenic is present in 
the soil as an arsenite, nor that an arsenate is poisonous to 
fruit trees, for Pfeffer °° says “ Arsenious acid is extremely 
poisonous, whereas many, both of the higher and of the lower 
planis, can withstand large doses of arsenic acid and can 
accumulate large quantities of arsenic when supplied to them - 
in this form,” while F. Czapek*! says that traces of arsenic 
are nearly always present in soils and may therefore be ab- 
Sorbed by plant roots. Though it has been shown by Nobbe, 
Baessler and Will ®* that some herbaceous plants and some 


* Pfeffer’s Physiology of Plants, 2nd revised ed., translated by A. J. Ewart, 
Vol. I, p. 438. 

*! Biochemie der Pflanzen. Vol. II, pp. 862-63. 1905. 

* Untersuchung iiber die Giftwirkung des Arsens, Blei und Zink im 
pflanzlichen Organismus. Landw. Vers. Stat., 30: 381-423. 1884. 
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from 2.1 mgm. to 6.9 mgm. of potassium arsenite per liter h qd 
been added, there is some evidence to show that larger qua n- 
tities of arsenic would not be injurious to those plants when 
administered to them as an arsenate; for W. Knop * 8 
that .05 gm. of potassium arsenate added to one liter quan 
tities of culture solutions would not hinder the normal growth 
and development of corn plants grown in them from the 
to-15-leaf stage to maturity, nor would it kill Volvox or a 
mold. It has also been determined by Hitchcock and Carle: 
ton *# that a 1-10 per ct. solution of sodium arsenite ae 
not retard the germination of Puccinia coronata spores. | a 

I, W. Davy * found arsenic in herbaceous plants and 8. aa 
Collins ** grew both barley and tares in 10-inch pots to some 
of which had been added arsenious and to others arsenic aci 
both at the rate of 11 lbs. per acre. No injurious effects a re 
recorded. ‘ Averaging all the results the soil contained | 30 
Ibs. of arsenic per acre, to the depth of 8 inches, the grain 
contained 4 oz. per acre and the rest of the plants 1 on. 
per acre. Some samples of soil, outside the experiment, taken 
to the depth of 8 inches, sielticd 50 lbs. of white arsenic per 
acre. It would seem, therefore, ‘ that soil may contain large 
amounts of arsenic without any suspicion of the fact; (2) 
barley grown on such soil may also contain large amounts” of 
arsenic.” This certainly indicates that comparatively large 
quantities of arsenic in soils may be innocuous to plants. ‘Tt 
was also shown by A. J. Kunkel-*” that arsenic is present in 
many rocks and waters. Though he failed to find it in animal 
tissues, he thinks it probable that his method is at fault, es 


A ebee die Aufnahme verschiedener Substanzen durch die Piling ae 
nicht zu den nihrstoffen gehoren. Abstracted in Bot. Centbl., 22: 35-86. 1885. 

34 Germination of rust spores in fungicides. Kans. Aor. Expt. Sta., Bul. 
38, pp. 8-9. 

85 Absorption des Arsens durch Pflanzen. Jahresber. Agr. Chem., 3: 83-84 
1862. Bey ag 
36 The absorption of arsenic by barley. Jour. Soc. Chem. Ind; 21: 221-2, 
1902. 

7 Beitrage zur Weare des sogenannten a renion eae Zischr. physi 
Chem., 44: 511-29. 1905. 


A Crown-rotTreD Ben Davis APPLE TREE. 


Tree had died a few days before 


PLuatgE I.— 


d 


IS an 


Sphzerops 


it was photographed. 


Cytospora were present on dead bark below 1 and 2 


Puate II.—SectTion oF TREE SHOWN ON PLATE I. 


Tree had been entirely killed up to 1 and 2 before its top wilted. 
(1 and 2 also indicated on Plate I) 


Pirates Il]—A Crown-rotrep Ben Davis APPLE TREE. 


ee completely girdled and all upper roots decorticated, but roots under center 
of tree still normal. 


Pirate [V.—A GrirRpLepD Bren Davis TREE FROM SAME ORCHARD AS TREE 
IN Puate III. 


1, Normal but irregular callus-roll; 2, union of stock and scion (collar): 
3, partially green scion-root. 


Piuate V.— LONGITUDINAL SECTION OF TRUNK IN PLATE IV. 


1, Shows thickness of callus-roll; 2, discolored region of wood. 


PuatTe VI.—SEcTION oF A KITTAGESKEE APPLE-TREE NEAR GROUND LINE. 


Shows low-temperature injury that failed to develop Crown-rot, but left only a dis 
frost-line. Diameter of tree, 11 inches. 


Puate VII.—SEcTIONS NEAR GROUND-LINE OF TWO CROWN-ROTTED 
TREES. 


Shows also, distinct frost-lines and heart-wood rot. A, Maiden Blush, 
11 inches in diameter; B, Double Rose, 131% inches in diameter. 


Puate VIII —Sercrions or Two CROWN-ROTTED TREES, SHOWING FROST- 
LINES AND HkrART-woop Ror. 


A, Hubbardston, 14 inches in diameter; a Pleurotus was growing from decaye: 
wood near the ground. B, Gideon Sweet, 16 inches in diameter. 
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A. Gautier ** had previously shown that arsenic is normally 
present in animal bodies, especially in epidermal structures. 
His findings have also been verified from the biological stand- 
point by M. Segale,*® who determined the presence of arsenic 
in animal tissues by means of reactions induced by Penicil- 
lium brevicaule when transferred to autolized tissue. 

Now, in view of these citations and since Headden’s de- 
scriptions and plates so closely resemble the ordinary cases 
of Crown-rot, affecting trees alike in both sprayed and wun- 
sprayed orchards, and since some old orchards in this State 
(which have been sprayed with arsenic ever since spraying 
was invented) often have only Crown-rot scars dating back 
six to fourteen years, and look thrifty now, we either must 
conclude that we have two very similar diseases due to two 
different causes, or that there was an unwarranted conclu- 
sion drawn, regarding the relation of the arsenic found, to 
the injury of the trees. The latter seems more plausible, for 
herbaceous plants about the bases of the affected trees grow 
abundantly and normally. It would seem that high winds 
and low temperatures of Colorado may account for the crown 
and root-injured trees described by Headden, even though 
arsenic was found in them. 3 


LOW TEMPERATURES. 


The majority of writers on Crown-rot seem to agree that 
it is caused by low temperatures in connection with certain 
other factors. From the literature reviewed, it seems quite 
evident that a certain combination of factors causes injury 
mostly to underground parts, and that other combinations 
affect mainly the aérial parts. It appears likely that the 
time relation, of a severe cold period, to certain vegetative 

38 Arsenik kommt normaler Weise im thierischen Organismus vor und 
ist besonders in den ektodermalen Organen localisirt. Ztschr. physiol. Chem., 
36: 391-97. 1902. 

*° Untersuchungen iiber das Vorhandensein von Arsen in den normalen 


Geweben vermittelst der biologischen Methode. Ztschr. physiol. Chem., 
42: 175-80. 1904. 
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stages of a tree, and the presence or absence of a ground cov- 
ering determine the place and severity of the effect. : 

Why roots may be especially susceptible.—Sorauer ™ says 
the reason that the roots of many trees are killed during 
more or less severe winters, while the aérial parts are often 
uninjured, is because of the difference in the relative maturity 
of root and branch tissues at the arrival of winter. Cambial 
activity begins first at the distal ends of twigs and, as con- 
ditions become more favorable, progresses down to the stem 
and roots. On the other hand, growth and development gener- 
ally continues much later in the roots than in the branches, 
Von Moh! is said to have found that cherry twigs had begun 
development in April while the root-wood cells of the previous 
season had not yet finished their development. Owing to these 
differences in tissue development of root and branch, the 
former is made up mainly of large cells, characteristic of 
spring wood. That character of root-wood cells, in addition 
to their immaturity at the approach of winter, is said to make 
roots more susceptible to injury than other parts. The leaves 
of root-injured trees, though developing normally in spring, 
are found to suddenly turn yellow in summer; often followed 
later by the death of the tree. In case the injury is confined 
largely to the aérial parts, it seems probable that either the 
roots were protected in some way, during the excessive cold 
period, or the low temperature came after the root-wood had 
matured sufficiently to be resistant. On the other hand, early, 
short cold-snaps may injure young shoots but fail to penetrate 
deeply enough to affect the roots or crown. The publications 
by Taft, Green and Ballou, Waite, Eustace, ‘Selby on 

192) and Morse, reviewed above, are of this type. 

Suggestive experimental evidence.—The observations and in- 
terpretations by Waite and by Morse come nearer the experi- 
- mental results obtained by P. Sorauer * than the others, though 
40 Pflanzenkrankheiten. 3rd ed. Vol. I, pp. 561-64. 1909. 


“1 Experimentelle Studien tiber die mechanischen Wirkungen des Frostes 
bei Obst- und Waldba’umen. Landw. Jahrb., 35: 469-525. 1906. 
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Morse’s explanations of the cause of crotch-injury violate cer- 
tain physical laws. 

- To obtain definite information upon the question of frost- 
injury, young fruit and forest trees were subjected to induced 
low temperatures in a large double-walled cylinder, by Sorauer. 
On a potted sweet-cherry tree exposed in May to —7° C. over 
night, all except the youngest leaves were killed and browned. 
An odor of roasted cherry wood was noticeable during the 
first week after removal from the freezing apparatus. 

The fibro-vascular bundles, of the venation in older leaves, 
were often brown, while the intercostal regions were normally 
green. Hard-bast elements were the first to become browned, 
followed by the browning of the epidermis-cell contents. The 
smaller spiral vessels were browned before the larger ones. 

The most susceptible region on a trunk or limb was found 
to be at the points of origin of twigs or branches. A section 
through a branch at the origin-point of a spur or side-branch 
shows that the whole of the normally excessive cortical paren- 
chyma was browned and cleft at a number of places. The 
cambial zone had its cambium mostly uninjured, but both the 
young wood and bast cells on either side were browned. The 
wood cylinder, where it branches off from an axis, has its 
wood-cell bundles much separated by, medullary rays which in 
the frozen tree had become browned, thus leaving only narrow 
Tibbons of living wood sandwiched in between browned rays 
and the dead pith and cortex. The pith and wood cylinder 
of the avis were uninjured, though its rays near the spur had 
become browned. The small groups of primitive xylem cells 
in the outer parts of the pith were also browned. The effect 
on the one-year-old parts of branches was decidedly different. 
The injury was generally more pronounced on one side than 
on the other, forming frost-blisters on the bark. The pith was 
Split, leaving a hollow center surrounded by collapsed, browned 
cells, though the other pith cells seemed mostly uninjured. 
Separation always occurred at the middle-lamelle. 

A section through the transition region from the one-year- 
old to the spring growth revealed some interesting facts. The 
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wood cylinder is small and was found to be split at the thiek 
medullary rays. The fibro-vascular bundles were completely 
surrounded by browned parenchyma and isolated from the 
uninjured cambium and but slightly browned bark. The pith 
was not affected. This state of things could be followed down 
into the year-old twig, where, however, the wood cylinder was 
not separated from the bark. 3 

Radial clefts in the wood and cortex are said to be caused 
by the tangential contraction of the twig’s tissues. Since the 
wood and cortex-parenchyma cells can distend but little, rup- 
tures occur at the middle-lamelle of the medullary rays. ‘The 
separated wood-ray cells were browned, but the bark-ray cells 
seemed uninjured and soon closed their clefts. The cambium 
cells, however, distend readily and were therefore generally 
found intact and unaffected. These observations are thought 
to show that differing tissue-tensions and not ice-formation 
are the causes of clefts and cracks. 

Sour-cherry trees given the same treatment were not affected 
in exactly the same way. Fewer and smaller clefts were 
formed, a stoppage of the vessels with gum seemed to occur. 
It is thought the excessive formation of gorged, imperfect 
cells in the greatly reduced growing regions of a much-injured 
tree may lead to a disorganizing gummosis of the abnormal 
tissues. 7 

The cleft formation occurs also in pear and apple branches 
when subjected to the freezing treatment. The same differ- 
ences were observed between the effect in the terminal and 
basal ends of branches as described for sweet cherry. To de 
termine how far ]Jow-temperature injuries can extend down the 
wood of an externally unaffected twig, an apple-tree shoot, hay- 
ing a new spring growth of 4—6 cm., was subjected to —6° C. 
overnight. The spring wood was entirely killed and the wood 
cylinder of the one-year-old part was browned down 15 cm. The 
dormant buds were not killed but their spiral vessels were 
browned. Some of the branches of a five-year-old pear seed. 
ling were subjected to a temperature of —7° ©. over night. 
Most of the leaves turned black, many having frost-blisters. 
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In the petioles the vascular bundles, the colenchyma cells and 
the inner cortex were browned. The branches were injured 
' more on one side than on the others. The pith was white except 
some scattered starch-bearing cells, which had browned con- 
tents. The bast cells of the cortex were unaffected, while the 
cells immediately surrounding them were much browned. Only 
a few small clefts were found between collenchyma and paren- 
chyma cells. It seems, in fact, that when any clefts result 
they generally occur where different types of tissue join. 

The tension differences caused by low temperatures between 
two or more types of adjoining tissues are said to be the cause 
not only of cleft formation in the softer, young tissues but also 
of the splitting of large tree trunks. In case of young twigs, the 
bark contracts so much more than the wood cylinder that it may 
either crack open when the temperature is very low, or mechan- 
ically injure tissues in the cambial region, when the cold is less 
severe. The cortical-tissue cells are distended tangentially to 
a greater or less Cegree and owing to their imperfect elasticity 
offen remain at least partially distended after moderate tem- 
peratures return. The net result: may have been sufficient to 
make the bark too large for the wood cylinder and result in 
tangential clefts, or at least to lessen the bark pressure enough 
to cause abnormal thickening at certain places, both of which 
may often be observed on frost-injured fruit trees. At a 
branching node or at the junction of two seasons’ growth on a 
twig, the same forces may result in the thickening of the 
medullary rays. 


OTHER POSSIBLE CONSEQUENCES OF FROST-INJURIES. 


The various cankers.—F rost-injuries seem, therefore, to occur 
most readily at crotches and other branching points of limbs 
and twigs, as has also been observed by Morse and others. In 
View of Sorauer’s observations on the effects of frost-injury, 
under control conditions, and the fact that the same varieties 
are reported susceptible to canker as are easily frost-injured 
and that cankers are usually said to spread during winter and 


early spring makes it appear plausible that Sphzropsis, Num 
mularia, Glocosporium, Cytospora and Bacillus cankers of fruit : 
trees may be at least partially if not wholly due to low tempera- 
tures. The fact that in some cases a large number of successful 
wound-inoculations were made does not preclude it, because 
that only argues for a wound parasite. Probably some of these — 
organisms can extend a canker wound, and to some extent de 
termine its final characteristics, but it is certainly a striking — 
fact that practically all such cankers attributed to parasitic 
organisms are located at frost-susceptible places and generally 
active but one year. It appears at least equally probable that. 
such cankers are due to the death of certain tissues, as was 
shown by Sorauer. These canker organisms are confined 
largely to the bark, and yet it is often stated that girdled 
branches die from their activities. It may well be that a short 
girdle of bark removed from a healthy fruit-tree branch would 
not kill it, for R. Hartig *? says that after removing six-foot 
girdles of cortex from fifteen 120-year-old Scotch pines, he 
found some still alive six years later; and on girdling 27 
species of trees, F. F. R. Channer ** observed that five species” 
died, ten others were much injured, while twelve species lived. 
At any rate, it seems plausible that a girdled apple-tree branch 
may die because of its frost-injured wood rather than on ac- 
count of the organisms present in its dead girdle of bark. 
Finding discolored heart-wood at some distance from a canker 
on an apple-tree branch does not necessarily mean that the 
canker fungus discolored it, as interpreted by Hasselbring, for 
it more likely signifies that the tree was winter-injured. | 
Some cherry-tree diseases.—In referring again to the above 
review of Sorauer’s article, it is seen that the origin-point of — 
branches and spurs of cherry are the first parts to be injured 
by low temperature and that in the sour cherry the lumina 
of the conducting vessels had become clogged with gum. In 


* Diseases of Trees. Translated by Sommerville and Ward. P. 249. 1894+ 
“ Indian Forester, 31: 376-8 (1905); abs. in Expt. Sta. Record, 17: 670. 
1906. See also “‘ Effects of annular decortication on peaches”? by F. Cal-_ 
zolari and Manaresi, Hxp. Sta. Rec. 21:439. 1909. “es 
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a later publication ** he holds that the dying of cherry trees 
in the Rhine districts, so elaborately discussed by Frank and 
others and attributed to Valsa lewcostoma, is primarily due to 
the above type of winter-injury. Sometimes many branches 
or even whole trees die. The bark and wood of the affected 
trees had the browned appearance typical of frost-injury. 
Aderhold and Wehmer are said to have shown that Valsa 
leucostoma is only a wound parasite and may only vegetate on 
much-weakened trees, and later Liistner is said to have shown 
that it would only attack practically dead parts of cherry 
trees. It is therefore thought that the planting of frost-resis- 
tant varieties is more important than the careful destruction 
of the fungus-infected dead twigs. Sweet cherry is often simi- 
larly affected in this country. Some such cases became evident 
late this summer in an orchard of this Station. Several large 
trees died from the top downward. 

Sour-cherry trees were affected again, this autumn, in the 
manner described in 1899 by F. C. Stewart,*® of this Station, 
under the head of “Leaf scorch of cherry.” The affected 
branches are usually lateral, and seem generally to have dis- 
colored wood, as observed by Stewart. Later he reported *° 
that though the “season of 1900 was drier than that of 1899, 
there was none of the cherry-leaf scorch such as occurred in 
1899.” In 1900 branches on the leaf-scorched trees were found 
injured, many buds dead, and the remaining fruit-pedicels were 
‘unusually short. Probably Sorauer’s experiments and obser- 
vations mentioned above sufficiently account for the primary 
cause of these cases of suddenly drying normal leaves. But 
as in all types of winter-injury, in which trees are not killed 
outright, the availability of water may determine the time 
at which the injury becomes apparent, so in these cases the 
drought of late summer marked the branches most frost-in- 
jured by drying their leaves. 

“ Pflanzenkrankheiten, I, p. 553. 1909. 


®N. Y. Agri. Expt. Sta. Bul. 162, pp. 171-176. 1899. 
“N.Y. Agri. Expt. Sta. Bul. 191, pp. 309-16. 1900. 
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A peach-tree disease.—In this connection it may be well to 
review briefly a case of “ Die back of the peach trees,” dis- 
cussed by F’. M. Rolfs,‘* where it is claimed to have been shown 
that Cytospora rubescens is an active parasite of the twigs, 
limbs and trunks of peach, plum, apricot and cherry trees. 
“Alternate freezing and warm periods” seem to favor the” 
progress of the injury on peach shoots, often killing them back 
two to fifteen inches during January and February. “In 
fections on the older branches during the winter and early 
spring months produce oblong wounds extending up and down 
the stem.” 

“During the spring and summer months the foliage of in- 
fected twigs frequently wilts suddenly and takes on a brown, 
blighted appearance.” ‘“ Large limbs or even whole trees in 
different states of vegetation and at different times of the year 
die suddenly.” 

These observations can certainly be interpreted in another 
way, for they appear primarily to be winter-injury. a 

Some other possibilities.—It is well not to ride a good 
horse till it becomes a hobby, but there are two other matters — 
that may be considered in this connection; namely, the little 
apples of this season, and the Bacillus blight of pear and apple. - 
Perhaps it will prove profitable to find out whether such fruit- — 
spurs and twigs, bearing clusters of small apples, have been — 
winter-injured. A cursory examination of them has shown the 
presence of some browned cortical tissues around the bases of — 
Some spurs, and often a more or less distinct brown line at — 
the transition of last year’s into this year’s wood. It is gen-— | 
erally considered that plant lice and drought are the causes of — 
this type of little apples, but that foregone conclusion may — 
better be oriented somewhat in relation to this other probable” 
factor. 

The virulence and destructiveness of the twig blight Ba _ 
cillus have been so often observed and discussed that it has 5 


47 Science, N. S., 26: 87-9. 1907. 
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become a commonplace, but its manner of infection and of 
advance in the cambial zone are yet shrouded in mystery, 
though prolific theoretical explanations have been given. Is 
it possible that the occurrence of a “fire blight” epidemic is 
fundamentally dependent upon how the trees came through 
the previous winter rather than upon the weather of spring 
and early summer? Is “ fire blight” only the sudden drying 
of such twigs as were winter-injured to a certain degree, at 
their “ branch-rings ” of normally excessive cortical and medul- 
lary tissues ? 


WINTER-HARDINESS OF TREES. 


There is not much definite to be said regarding hardy and 
susceptible varieties as related to Crown-rot or other frost- 
injuries, because all observations have been too limited and 
fragmentary. If trees are to be grown in regions of deep, 
all-winter snows, the winter-hardiness of roots is not as imn- 
portant as that of the trunks and branches; however, in re- 
gions of uncertain snows the hardiness of roots must be con- 
sidered first. 

As regards varieties and stocks.—Nearly all of our most 
desirable varieties of winter apples have been reported, by 
some one or other, as liable to winter-injury and the numerous 
ills which follow in its wake. Though, of course, some are 
more winter-hardy than others. Macoun’s ** report on “ The 
relation of winter apples to hardiness of trees” shows that 
79 per ct. of all winter-killed trees are winter varieties. He 
Suggests that the ancestors of seedlings be short-seasoned va- 
rieties. Early-maturing varieties were also found more resis- 
tant by C. Baltet.*? Emerson’s suggestion that the early ma- 
turity habit is often more important than constitutional hardi- 
ness to frost, may prove of value. It seems to be still an open 
question to what extent, if at all, a stock of an habitually early 
variety may influence the ripening habit of a scion from a late- 


*8 Canad. Hort., 29: 291-2. 1906. 
“De l’action du froid sur les végétaux pendant l’hiver 1879-80. Mem Soc. 
Nat. Agr. France, 127: 1-340. 1882. 
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maturing variety. ‘The histology of grafts has been more care 
fully studied °° than the physiologic relation of stock and 
scion, though the latter is probably of more importance. Gen- 
erally, only the morphological and color modifications are 
noted. We have numerous examples of visible end-reactions 
which seem to be due to certain stock-scion relations; such 
as result in graft-bybrids, as shown by H. Winkler,** and 
others transmitting albinism from the stock to the scion, as is 
often shown by grafting a green variety of Albutilon thomp- 
soni on an albino stock of the same species. But the trans- 
mission of invisible qualities from one symbiont to another 
has but seldom been investigated, though it probably always 
occurs more or less. It has been shown by E. Strasburger”™ 
that the poisonous atropin from a Datura stramonium scion 
was transmitted to the tubers of a potato stock upon which 
it was grafted. j 

An interesting summary and extension of this question is 
given by Herse.** , 

As regards soil and moisture.—Some differences of obser: 
vation and opinion are found as regards the character and 
location of land which is conducive to winter-hardiness of 
fruit trees. According to some authors, trees on high, dry 
knolls, and according to others, those on low, wet places are 
most susceptible to winter-injury. A distinction should, per- 
haps, be made between injury to tops and injury to roots, 
though they sometimes occur at the same time. From the 
observations by others it seems that aérial parts are more 
often injured in low, wet places (probably because the in- 
jurious temperature came when the wood was immature), 


M 


50, Schmitthenner. Verwachsungserscheinungen an Ampelopsis- und 
Vitis-Veredelungen. Ztschr. Pflanzenkrank., 18: Beigabe I, pp. 11-20. 1908. 
’ See also Ueber den Einfluss des Reises auf die Unterlage. C. Mikosch. | 
Wiesner-Festschrift. pp. 280-6. Wien. 1908. | 

1 Solanum tubingenese, ein echter Pfropfbastard zwischen Tomate und : 
Nachtschatten. Ber. deut. bot. Ges., 26A: 595-608. 1908. Ztschr. Bob. 
1: 315-45. 1909. 

®2 Ueber Verwachsungen und deren Folgen. Ber. Bot. Ger., 3: xxiv—xl. 1886. 

3H. Herse. Beitrige zur Kenntniss der histologischen Erscheinungen bei 
der Veredelung der Obstbiume. Landw. Jahrb. 37; Erg. 4: 71-136. 1908. 
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while roots seem more often affected on high, dry land. The 
observations by Nelson in Wyoming and Hmerson’s experiment 
in Nebraska are illustrations of the latter. But from recom- 
mendations by Clinton it seems that in Connecticut the high- 
lands are to be preferred for orchards. Emerson also advised 
the use of high ground in connection with cover crops to 
induce early maturity. 

My observations seem to indicate that the crowns and roots 
of apple trees were more often injured on rather thin, dry 
Jand. One reason seems to be that the specific heat of dry 
soil is less than that of wet soil, and that therefore its tem- 
‘perature changes more rapidly and cold penetrates more deeply 
than in wet soil. Sod orchards seem to have been less winter- 
injured on both roots and branches than cultivated ones. Pad- 
dock and others record the same for Sphzropsis cankers, 
and it is common knowledge that “fire blight” occurs more 
generally in cultivated orchards. But in regard to the Crown- 
rot-type of winter-injury, it seems that that occurs most 
readily in orchards after the breaking of the sod, though on 
thin land sod cannot always prevent it. From the few cases 
Observed it seems that it is not tillage, as such, that induces 
‘Toot-injuries, but the change from sod to tillage. Probably 
the unaccustomed amounts of nutrients and moisture avail- 
able to sod trees when they are tilled, or to cultivated trees 
when they are unusually fertilized, stimulate them to excessive 
and late growth which may result in winter-injury. As sug- 
gested before, soils permitting the formation of deep, extensive 
'Toot-systems seem to enable trees to recover much more readily, 
when they have been crown or root-injured. Hartig °* suggests 
that a deep root-system conducts heat upward during frozen 
‘Winters. Craig and others have also observed that Crown- 
Potted trees generally have their deepest roots unaffected. 


PREVENTIVE MEASURES IN GENERAL, 


__ The preventive measures generally advised are: Early, thor- 
Ough cultivation, followed by a cover crop in midsummer; if 


“ Diseases of Trees; p. 283. 
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possible use hardy, short-seasoned seedlings or crabs for stock 
and plant ordinary nursery trees deep. SS. T. Maynard °° con- 
cludes from a ten-year test of Williams’ Favorite grafted upon 
Siberian crab, “ That the Siberian crab apple tree does not 
make good Stock upon which to graft the varieties of our 
larger apples : 

Dalnvation appears always to pay’® even though some ene 
may be lost by it. When a sod orchard is to be cultivated, it 
may be well to plow it in autumn, after the leaves have fallen, 
so that growth may start early in the spring. 

Cover crops are not always used, even by our best orchard- 
ists, and often without harmful results. Probably the 
necessity for a cover crop depends somewhat upon the season 
and perhaps more upon the type of soil, the age of the trees 
and their locality. All preventive measures may fail when a 
Summer season is such as to compel very late growth and 
unusually cold weather comes early; even sod orchards are 
severely injured at such times. ; 


CONCLUSIONS. . 
The need for a long, thorough investigation of Crown-rot and 
its attendant ills is evident. It seems more or less destruc 
tive throughout the best apple-growing States. The relations 
of low temperatures,’ arsenical poisons and the various organ- 
isms, to cankered and Crown-rotted trees, are not known suffi- 
ciently, nor is it definitely understood how the different types 
of soil are related to root-injuries and canker-injuries, and 
what relation low temperatur es have to enzyme-action. The 
mutual -influence of stock and scion, when known, may help 
the problem. And, as a result of such investigations, sane 
measures of orchard management to. increase the winter- 
hardiness of our fruit trees may be materially advanced. — 


® Mass. (Hatch) Agrl. Expt. Sta. Bul. 17: 36-7, 41. 

*°U. P. Hedrick. A comparison of tillage and sod mulch in an apple 
ocoherdt N.Y. Agrl. Expt. Sta. Bul. 314, 1909. 

57 Some work on ‘the relations of arsenites and arsenates, and of low tem- 
perature (with its principal secondary factors) to Crown-rot, will be started 
in the near future by the writer. 
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TECHNICAL BULLETIN No. 13. 


THE CONSTANCY OF CERTAIN PHYSIOLOGICAL 
CHARACTERS IN THE CLASSIFICATION OF 
BACTERIA.* 


H. A. HARDING. 
SUMMARY. 


1. During the past fifteen years constant effort has been made 
to find a workable system of classifying bacteria. The Classifica- 
tion Card of the Society of American Bacteriologists is the direct 
result of this effort. 

2. The group number on this card is a numerical expression 
for the result of ten physiological reactions. Its value as a basis 
for classification depends upon the constancy with which the same 
numerical result is obtained from tests of various strains of a 
single species. When tested upon forty-four strains of Pseudomonas 
campestris (Pam.) Smith, the same group number, 211.3332513, 


Was obtained for each strain. 


3. The limitation of the group number system of classification 


lies in the fact that, as constituted at present, it probably does not 


carry the separation to a group synonymous with the ordinary con- 
ception of species. These results indicate that further assistance in 
classification may be expected from pathogenicity toward plants, indol 
formation, casein digestion, growth in Uschinsky’s and Cohn’s solu- 
tions and turbidity in broth. The technique of these determina- 
tions must be given further study before these reactions will be 


serviceable. 
A SS SES ls 21 acl nce 

“Also presented at as a thesis before the Faculty of Cornell University for 
the degree of Doctor of Philosophy. 


[3] 


INTRODUCTION. 


Science is commonly defined as an orderly arrangement of facts, 
and in practically all branches of biology a classification of species 
is the basis on which the facts are arranged. Bacteriology, if it 
can be said to have attained the dignity of a science, has thus far 
developed so primitive a plan of classification that the observed 
facts are in many cases in a condition little short of chaos. 

The idea of species was originally based on morphological 
similarity combined with. ability to produce fertile offspring by 
sexual reproduction. With bacteria sexual reproduction is un- 
known and morphology is so simple that it has barely sufficed to 
differentiate the genera. The early work with bacteria was largely 
confined to pathogenic organisms and pathogenicity was relied 
upon to define the limits of the species. As the study extended 
to non-pathogenic forms reliance was placed on various other 
physiological reactions, singly or in combination, but there has 
been little agreement among workers as to the relative value of 
the various reactions which were commonly recorded. | 

The difficulty of arriving at a conception of bacterial species, 
sufficiently clear-cut to be useful in classification, led to the 
recognition of groups of related species, of which the colon group 
was perhaps the earliest generally accepted example. These 
groups were to be treated as units until such time as the progress 
of knowledge would allow them to be broken up into their com- 
ponent species. This tendency to recognize groups rather ee 
species was largely followed by Kruse’ in the third edition of 
“Die Mikroorganismen,’ by Conn? in his “ Classification of 
Dairy Bacteria,” and by Chester® in his “ Determinative Bac; 
teriology.” ae 

As has been suggested, there is a lack of agreement among 


1Kruse, W. Einleitende Bemerkungen zur Klassifikation. Die Mikro- 
organismen. Fliigge. 3d edition. Vol. II, pp. 67-96. 1896. | 
2Conn, H. W. Classification of dairy bacteria. Storrs Agr. Exp. Sta. 
An. Rep. 12 (1899): 13-68. 1900. 
3Chester, F. D. A manual of determinative bacteriology. 1901. 
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workers both as to the reactions which should be used in separat- 
ing species and as to the relative importance of these reactions. 
Recognizing the importance of a uniform and concise method of 
recording such reactions and desiring to designate the more im- 
portant among them, the Society of American Bacteriologists 
adopted an official classification card for this purpose. An im- 


se ”? in which the 


portant part of this card was the “ group number, 
results of ten different reactions were expressed numerically. 
This number was so designated since at first it was short and was 
intended to characterize a group of species. It has now been ex- 
tended much beyond its original length. Pry 

Since a collection of classification cards is ordinarily arranged 
on the basis of the group number it is important to consider how 
far this group number can be used for this purpose without 
separating two strains of the same species. The constancy of the 
reactions which govern the group number is the vital point upon 
which the Society card must be judged as a standard for classifi- 
cation. 

Until the first report to the American Public Health Associa- 
tion of its committee on media there was no satisfactory basis for 
computing the constancy of characteristics since it was not clear 
whether the variations which were observed were due to variations 
in the germs themselves or in the conditions under which the 
tests were made. The original selection of the group numbers 
was made on the basis of general impressions among bacteriologists 
aided by the work of. Fuller and Johnson* and that of. Gage.° 
With the recognition of the usefulness of the group number 
there is a growing desire to extend the range of the number until 
it shall classify cultures as closely in accord with the idea of 
species as possible. Accordingly it is imperatively. necessary to 
know both the constancy of these reactions and the extent to 
which the group number can be followed in classification without . 
separating various strains of the same species. 


eee Ne Sirs oa 0 ie eer ee 
4Fuller, Geo. W: and Johnson, Geo. A. On the differentiation and classi- 
fication of water bacteria. Jour. of Exp. Med. 4: 609-626. 1899. Also in 
Amer. Pub. Health Asso. Proc. 25: 580-586. 1899. 
5Gage, S. DeM. Mass. Bd. of Health, An. Rep. 33 and following. 
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For this study it seemed desirable to select an organism in. 
which the limits of what we commonly regard as a species are | 
clearly defined and to study a large number of strains under as. 
wide a variation in conditions as could be reasonably expected to 
occur in ordinary laboratory work. In doing ‘this it was clearly 
recognized that the results which might be obtained with one 
species would not necessarily hold for all, but in view of the im- 
portance of this inquiry there seemed no better way than to make 
a beginning hoping that the example might stimulate others to. 
extend the study. q 

The present study has been limited to various strains of one é : 
the type species given on the society card, Pseudomonas campestris. 
(Pam.) Smith, a form pathogenic to practically all of the culti- 
vated Cruciferae, and one in which the culture characteristics are ' 
well known. Cultures were isolated directly from diseased plants 
as well as obtained through the courtesy of colleagues in different 
parts of the country. Thus the study included cultures which | 
were so fresh as to have experienced the minimum effect of 
artificial cultivation in the laboratory as well as those which had 
been exposed to the vicissitudes of artificial media in different | 
laboratories for many months. Most of these latter cultures 
passed through the prescribed course of revivification before being : 
studied but in a number of cases this revivification was intention-_ 
ally omitted. The study extended over a year and a half, using 
media prepared by different workers and in some eases the ob- 
servations were made by three workers separately. In short, the 
effort was made to find the maximum variation which could be 
expected where observations were made in accordance with the. 
official directions or with the deviation therefrom which couid be | 
reasonably expected in practice. - = 
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SEPARATION OF BACTERIA INTO GENERA BASED 
ON MORPHOLOGY. 


Many classifications of bacteria have been proposed by different 
authors. In the decade preceding 1900 it was customary to 
recognize three bacterial genera — Coceus, Bacillus and Spirillum 
—hbased on a morphological resemblance to the sphere, the rod 
and the spiral. 

The described forms having become too numerous to be con- 
veniently grouped under three genera, Migula,° in 1894, proposed 
using the arrangement of the flagella as a basis for increasing the 
genera. Since the appearance of the second volume of his 
“System der Bakterien”* in 1900, his classification has been 
generally adopted. While there has never been complete agree- 
ment on the question of the basis for erecting genera the dis- 
senting workers have quite uniformly based their genera on 
morphology, so that in the past morphology has generally fur- 
nished the basis for the separation of bacterial genera. 


6 Migula, W. Ueber ein neues System der Bakterien. Arbeiten aus dem 
bakt. Institut der Technischen Hochschule zu Karlsruhe. Bd. I. Heft I. 
1894. Quoted from Migula. System der Bakterien. Bd. I, p. 46. 

7Migula, W. System der Bakterien. Bd. II. 1900. 


ee 


; af 
g . 
| 


SEPARATION OF SPECIES ON A PHYSIOLOGICAL 
BASIS. 


With the exception of spore formation, the morphological 
characters which are sufficiently definite to be useful in elassifi- 
cation have been utilized by Migula in defining the genera so 
that the separation of species is necessarily on the basis of 
physiological reactions. | 

In his “ System der Bakterien ” Migula used as his main basis 
for separating the groups of species the chromogenesis, liquefac- 
tion, relation to air and form of colony growth in gelatin; the. 
formation of spores and the manner of their germination; and in. 
some cases the production of phosphorescence. With these re- 
actions he divided the genera into groups and the species in each 
group were separated on whatever basis seemed most serviceable. 

‘Chester® also followed the same general plan of dividing the 
genera into groups but he somewhat changed the basis on which. 
these groups were formed. He retained the formation of spores 
as diagnostic but did not make use of the manner of their germina- 
tion as Migula had done. He retained the chromogenesis, 
liquefaction and form of colony in gelatin, but used the terms 
aerobe and anaerobe instead of basing the division on the growth 
in gelatin stab. : 

To the reactions used by Migula for separating groups, Chester. 
added Gram’s stain, coagulation of milk, gas formation from 
dextrose and lactose and the nitro-indol reaction as well as the. 


swelling of the rod in spore formation. 

The classification of dairy bacteria by Conn® proceeded along 
the same general line, the aim being to reduce the flora of milk 
and its products to small groups which in many eases coincided | 
with the common conception of species. He differed from Chester 


in not considering Gram’s stain of sufficient diagnostic value to 


be used in this connection. He also made but slight use of the 


f 


8 See footnote 3. | 
9Conn, H. W., Esten, W. M. and Stocking, W. A. A classification of dairy 
bacteria. Storrs Agr. Exp. Sta. An. Rep. 18 (1906): 91-203. 1907. | 
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different relations of bacteria to oxygen although this had been 
emphasized by both Migula and Chester. On the other hand he 
considered the formation of acid from dextrose as of great im- 
portance, placing it second to that of liquefaction of gelatin, 
although neither Migula nor Chester had made any particular 
use of this reaction. 

A critical inspection of the work of each of these authors brings 
out the fact that they have formulated a classification which con- 
cerned itself with the forms which had already been described and 
which made no particular provision for any forms which might 
be found at a later date. This is shown by the fact that in the 
classification within the various genera, even where the same re- 
actions were used to separate the various groups, these reactions 
were not placed in the same sequence. The reason for this lack of 
uniformity was the desire of the authors to keep the final groups 
so arranged that those which were arbitrarily considered to be 
closely related should not be widely separated by the plan of 
classification. In other words, the authors had more faith in their 
general sense of relationship than in their ability to arrange the 
diagnostic reactions which they had selected in a logical manner. 
It is evident that any such makeshift could be of only temporary 
utility, since the rapidly increasing volume of new species would 
soon call for a rearrangement. 

As has been indicated, each of these classifications was the re- 
sult of a study of a large number of described forms,, but. each 
lacked an adequate provision for the placing of any new form 
which might be later encountered. 


NEED OF A. CONSTRUCTIVE CLASSIFICATION. 


The fact is gradually coming to be recognized that if bac- 
teriology is to take its place as a modern science the first requisite 
is a knowledge of the normal flora, including a knowledge of the 
effects upon that flora of the ordinary changes in its environment. 
Such a knowledge is fundamental to a proper understanding of 
diseases and fermentations and must be obtained before we can 
expect to control successfully the action of micro-organisms. 
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The obstacle which has thus far prevented any marked progress 
in this direction is the crudeness of our system of classification. 
The process of comparing an unknown form with the descriptions 
of previously studied organisms is extremely laborious, because 
practically every organism has been described on special media 
and under special conditions which must be duplicated before a 
satisfactory comparison can be made. Too often the conditions 
under which the earlier form was studied are unknown and an 
exact comparison is accordingly impossible. 

This inability to use the results of previous workers has com- 
pelled each student to begin with the fundamentals of his problem, 
and the total progress in any line was practically limited to the 
product of a single individual since the laboriously acquired facts 
applied only to the circumstances under which they were observed. 
The absence of a common basis for comparing these isolated facts 
has prevented their orderly arrangement and has made accurate 
generalizations impossible. 

The prime requisite for acquiring a knowledge of the bacteriil 
flora is a classification which shall be so concise as to permit of 
fairly rapid progress in actual classification and yet so exact as 
to furnish a firm foundation upon which later workers can build. 
The aim of the first student of any field should be to reduce the 
flora to its main subdivisions, after which these subdivisions ean 
be subjected to detailed study. Our knowledge of the action of 
bacterial protoplasm is yet so limited that no one can predict all 
of the reactions which will be ultimately used in classifying bac 
teria, but a considerable number are now known which will un- 
doubtedly be useful in this connection. 

One of the stumbling blocks in the past has been the attempt to 
produce a so-called natural: classification,’ that is, one which. 
should record the steps by which the originally simple forms 
gradually evolved into those which were more complex. In bac- 
teria we have the simplest form of life in which the protoplasm is 


16 A recent example is. the system of O. Jensen. Die Hauptlinien des 
natiirlichen Bakterien-systems. Cent. f. Bakt, II, 22: 305-346, 1909. 


11 


constantly responding to the stimuli of its environment and be- 


coming modified in new ways. Considered chronologically, the 
differentiations of spore formation, enzym production and ability 
to live without a supply of free oxygen undoubtedly occurred in 
some definite order. Whatever this order may have been, the 
original forms have long since disappeared and their descendants 
have continued to differentiate until the forms which are now 
encountered present a bewildering complex of modifications. 


After some workable basis of observation has been established 
and a large number of reliable and comparable observations are 
made available it may be possible to trace in part the order of 
original development. Until such data are available attempts at 
formulating such a natural classification are guesswork and are 
not worthy of serious scientific consideration. In the present state 
of knowledge it makes little difference what are taken as primary 
and as secondary lines of demarcation in any classification so 
long as the selected reactions really separate forms, are readily 
determinable and give constant and clear-cut results. On the other 
hand the applicability of a system of classification is increased by 
using only a limited number of differentiating reactions and using 
them constantly in the same sequence. 

| Two points in this connection stand out quite clearly. First, 
‘there is a growing tendency to use items which have the sharpness 
of chemical reactions, such as the production of gas and acid from 
‘sugar, instead of items which must be measured by general sense 
‘impressions, such as the form of colonies. Second, that in matters 
of classification the qualitative rather than the quantitative action 
is to be considered. The time will come when the first general 
arrangement of the flora is completed and the task of working up 
the groups in detail is begun when the influence of environment 
will be brought into strong relief by a study of the quantitative 
reactions. The main reason for not undertaking this study at 
the present time is the fact that the increase in routine which it 
‘entails would practically block progress. 
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ORIGIN OF THE SOCIETY CLASSIFICATION. CAlae 


The two features which most strongly commend the classifi¢a- 
tion card are that it is in the form of a card and that the principal 
results are expressed numerically. The utility of cards for 
recording information in a readily accessible form was undoubt- 
edly first brought prominently to the attention of scientists 
through the card catalogues at libraries. 

The original suggestion of the use of numbers in connection 
with bacterial classification seems to have been in 1895 by Wyatt 
Johnson,'' who said: “It has occurred to me that all of the im- 
portant characteristics of a given species might be recorded more 
compactly than at present if a system were adopted by which the 
information furnished by the various tests could be represented 
by means of numbers, each stated in a definite order so as to form 
a code.” The present application of these ideas has come in suc- 
cessive steps, each preparing the way for the succeeding one, 7” 
each logically following from what had preceded. 

On the initiative of Dr. Wyatt Johnson of Montreal a con- 
vention of American bacteriologists was called by a committee of 
the American Public Health Association. This convention 
assembled in New York in June, 1895, discussed the situation 
carefully, and appointed a committee to draw up procedures for 
the study of bacteria in a uniform manner and with special refer- 
ence to the differentiation of species. A statement in the report 
of this committee” to the American Public Health Association in 
1897 well summarizes the situation. ‘“ The committee recognizes 
fully that these recommendations must of necessity be provisional. 
It publishes them in the hope that by this act it will direct at- 
tention to the urgent need now existing for a full and accurate 


-uJohnson, Wyatt. On grouping water bacteria. Amer. Pub. Health 
Asso. Proc. 20: 445-449. 1895. 

12 Proceedures recommended for the study of bacteria with especial refer- 
ence to greater uniformity in the description and differentiation of species. 
Being the report of a committee of bacteriologists to the Committee on th: 
Pollution of Water Supphes of the Amer. Pub. Health Association. Amer. 
Pub. Health. Asso. Proc. 23: 60-100. 1898. 
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description of species of bacteria in which the items have been 
determined by methods common to the main body of workers, and 
/as a consequence are capable of verification and control.” The 


activities of this committee, which rendered a final report in 


1904," by unifying methods of making media and_ observing 


cultures, furnished an indispensable foundation for the accumula- 


| tion of a mass of comparable facts regarding the characteristics 


of bacteria. 

Given this constantly accumulating mass of somewhat com- 
parable observations, the next question was the selection of those 
reactions which were sufficiently constant with any given species 


' to warrant their being used to characterize the species. While 
this question is yet far from being settled in its entirely, a good 
beginning was made by Fuller and Johnson’* in 1899. With 
seven different species which had been long cultivated in the 


laboratory they obtained diametrically opposed results when tested 


_ before and after a preliminary cultivation to return them to a 


vigorous condition. After such preliminary cultivation, eleven 
species from water gave 100 per ct. of constancy with each of 
fourteen selected reactions. These authors divided the water bac- 
teria which they had studied into thirteen groups on the basis of’ 
fluorescence, chromogenesis, liquefaction, form of colony and fer- 
mentation of carbohydrates. They separated the members of each 
‘group on the basis of twenty-six reactions, the behavior of each 
culture being expressed by + or —. Using this manner of record- 
ing their observations they presented the classification and culture 
reactions of forty-two species on a single chart, a striking illustra- 
tion of clearness and conciseness. 

_ This manner of presenting results was at once taken advantage 
of by Conn.” As his adaptation was made shortly before the 
publication of the results from a long study of dairy bacteria, 


13 Report of Committee on Standard Methods of Water Analysis to the 
Laboratory Section of the Am. Pub. Health Asso. Jour. of Inf. Dis. 
Sup. No. I, May, 1905. 

4 See footnote 4. 

15 See footnote 2. 
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some modifications of the form were necessary. He says: “ For 
these reasons the tables which I have been obliged to make out 
and to use differ in some details from those of Fuller and John- 
son. I have, however, followéd them as closely as possible.” The 
dairy flora was divided into ten groups instead of thirteen, the 
first four being identical with the fluorescent and chromogenic 
groups of Fuller and Johnson, the remainder being formed on the 
basis of rod or coecus form, liquefaction and spore formation. 
These groups were subdivided on the basis of thirty-three headings 
which differed but slightly from those used by Fuller and John- 
son. In addition to this table, Conn gave a written description of 
each species which extended and explained the tabular results. 
The arrangement of the headings employed by Conn will be better 
understood by referring to the accompanying reproduction of 
Conn’s card. Fig. 1. This list omits liquefaction of blood serum, 
nitrate and indol production and pathogenicity toward mice as 
used by Fuller and Johnson and adds the columns headed coceus, 
uniting in chains, sediment, proteus-like, moss-like, deep-funnel, 
needle growth, surface growth, gas produced, acid, alkaline and 
shmy. 
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An early attempt at using cards for recording general lab- 


oratory data, including a numerical system for designating the 


individual cultures from which the data were derived was made by 


Rickards,"® who described it as follows: 


“The writer’s system is an adaptation of the Dewey Decimal System of / 


Classification,* the method of use being such as is easily remembered, 
“Every species of bacteria, upon becoming a member of the laboratory 
stock, is given a number in the hundreds. Thus: 


B. cola communis: woatevs soa cs 100 B. mallet... 400 
B. typhi abdominalis ......... 200 =B. prodigiosus’, ~ 3 a eee 500 
BOLD IANETIUE! oo an a oa ee 300 =B. pestis bubomeae .. ae 600 


Individual specimens of any one species; coming from different sources, 


are numbered in the order of their isolation or reception with the units from 
1-49. Thus: 


B. mallet from one horse... 603s osha es sso 401 
¢ > “ a: second horse) .60.. 0.6 ets es & oscs  eee 402 
ei ra S a different lesion in the second horse................ 403 
“ 4 “ same lesion at a different time.....7 92225. 5..ee 404 
rf RY a a. third, Worse ieeccs 6c cis ee ed ke ee 405 


“The first culture of B. mallet isolated would be 401.1. 


“A sub- (or daughter) * * culture from this original culture would be 


401.11. 


“A sub- (or daughter) culture from this second culture would be 401.111, | 


and so on —each sub-culture bearing the number cf the mother culture from | 


which it was taken, with one figure more placed one space more to the right 


of the decimal point. If but one sub-culture is made this added figure is 
always one. If more than one sub-culture is made the first of these sister - 
cultures is designated as above (the number of the mother culture with one 


in the next right decimal place), the second by two in the same place of 
decimals, ete., 401.11, 401.12, 401.13, ete. . 

“This may be better illustrated by a graphical sketch [Fig. 2.] - , 

(It will be seen from the above that a single daughter culture is alway 
expressed by the number of the mother culture with the figure 1 placed in 
the next right place of decimals, and that further cultures made from the 
same given mother culture are expressed by increasing this last new figure 
in arithmetical order. This is the key to the system.) 

“Tf at any time more than nine sister cultures are made from any one 


culture, the figures above nine are inclosed in brackets to avoid confusion, | 


e.g., 404.18, 404.19, 404.1(10), 404.1(11), ete. 
“In cases where the numbers have become somewhat unwieldy, they may 
often be abbreviated by using exponents, e. g., 401.1111121113 = 401.1°21°3. 


“When an unidentified organism is isolated, it is given the specific num- | 


* Dewey, M. Decimal classification and relativ index. 

** “For the sake of convenience and clearness, the following terms have been 
adopted in this article: 

Mother culture.— The culture from which ‘another culture is inoculated. 

Daughter culture—— The sub-culture from the mother culture. 

Sister cultures.— Two or more cultures made from the same mother culture. 

(Obviously the terms are relative. It is evident that any one culture may be a 
mother, a daughter, and a sister culture at the same time.)” | : 


16 Rickards, B. R. A system of recording cultures of bacteria genealogi- | 
cally for laboratory purposes. Boston Health Dept. An. Rep. 30 (1901): | 


75-79. 1902. 
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yer in hundreds which designates the species which it most resembles, but 
vith the tens and unit figures running above 50; thus, a glanders-like organ- 
‘sm would be numbered 451, ete., pending its further examination. If found 
‘o be glanders it would be renumbered below 450, taking the number next 
ibove that of the glanders culture last isolated. 
“Unidentified organisms having no striking resemblance to any species 
vossessed by the laboratory are classed by themselves under one species num- 
ver (e. g., 10,000), until identified. 

“A card system is used in connection with this system of numbering, 
fering a complete record.” 


| 
} 


The next marked advance in the matter of keeping records with 
| view to ease of comparison and classification of results was made 
it the Lawrence Experiment Station’? in connection with the 
‘outine examination of water, principally for B. coli. This con- 


ribution was noteworthy because it introduced the numerical ex- 
wression for the group (group number) and emphasized the card 
‘3 the best form for keeping and comparing such records. It is 
urther important because some of the suggestions in it might be 
\pplied with profit to our present official classification card. 

It can be best described in the words of its authors: 38 


-“The attempt at a numerical classification at the Experiment Station 
‘rose in an effort to classify existing bacterial literature under the decimal 
ystem in common use for library cataloging. The credit for the first prac- 
ical suggestion along this line should be given to A. I. Kendall, at that time 
)} member of the bacteriological force at the Experiment Station, from whose 
weliminary scheme the system in use at the present time has been the logi- 
‘al outgrowth. The system of numerical classification has already been 
leseribed by one of the writers,* the extension of this system to the com- 
‘ete record, with the use of cards, is here described for the first time. 
“Tn the system all of the characteristics of a species are described by 
umber, this number being derived from the combination generally of two 
T more allied characteristics. 

| “The group number is represented by four figures, of which the first two 
ligits signify the morphological genera, the form, method of division, motil- 
ty, and arrangement of flagella, according to the accepted classification 
f Migula. 


| ° 
These are derived as follows: 


.. Coccaceae. 
| 11. Streptococcus, division in one plane, 
12. Micrococcus, division on two planes. 


| * (See footnote (17).] 


IIE iss An EL eet t bake wes EN NO aS eae 
| M%Gage, S. DeM. Bacteriological studies at the Lawrence Experiment 
Station with special reference to the determination of B. Coli. Mass. Bd. of 
dealth. An. Rep. 88 (1901): 397-420. 1902. 

| 18Gage, S. DeM. and Phelps, E. B. On the classification and identification 
of bacteria with a description of the card system in use at the Lawrence 
‘xperiment Station for records of species. Amer. Pub. Health. Asso. Proc. 
28 (1902): 494-505. 1903. 
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13. Sarcina, division in three planes. , | 
14. Planocoeceus, motile coceus. 
15. Planosarcina, motile sarcina. P| 


2. Bacteriaceae. 
20.**Motile rods, flagella not determined. 
21. Bacterium, non-motile rods. 
22. Pseudomonas, a, motile rods, flagella monotrichic, 
23. Pseudomonas, 6, motile rods, flagella lophotrichie. 
24. Bacillus, motile rods, flagella peritrichic. 


3. Spirillaceae. . 
31. Spirosoma, cells rigid, without flagella. a | 
32. Microspira, cells rigid, one (rarely 2-3) polar flagellum, | 
33. Spirillum, <¢ells rigid, polar flagella tufts. = | 
34. Spirochaeta, cells flexuous. | 


The morphological genera are sub-divided by the differences in certain well 
recognized cultural and biochemical features. 

This sub-division, forming part of the whole group number, consists of | 
two digits, of which the third group figure indicates the biochemical features | 
of the liquefaction of gelatin and the production of gas or acid in dextrose 
broth, as suggested by Groups IX to XIII of Fuller and Johnson. ‘The | 


derivation of the nine digits used in this place is as follows: = | 
Gelatin. Dextrose Broth. ' 

1. Non-liquefied. No gas or acid produced. - 
2. Non-liquefied. Acid produced, no gas. 
3. Non-liquefied. Gas produced. | 
4, Liquefied. No gas or acid produced — 
5. Liquefied. Acid produced, no gas. | 
6. Liquefied. Gas produced. 
7. jDoubtful. No gas or acid produced. | 
8. }Doubtful. Acid produced, no gas. 
9. +Doubtful. Gas produced. a 
j 

| 


“The digit in the fourth place shows the fluorescence and chromogenesis 
on agar, the grouping being similar to that in Groups I to VIII of Fuller 
and Johnson. 


“These are distinguished as follows: 
. All fluorescent species, irrespective of their chromogenesis. 
. All red chromogenic species. 
. All orange chromogenic species. | 

All yellow chromogenic species, | 
All blue and violet chromogenic species. = 
All green chromogenic species. 
All brown chromogenic species. 


. All others not included in the above. 


“ By the use of such a system as the above, the arrangement of bacteria 
into groups becomes at once a simple and exact matter. We no longer: he 
the old, rather indefinite question, does our species belong to. the or | 

| 


ve 20 is provisional group, and should disappear, its members falling into groups 22, 23 
or 2 

+ In groups 7, 8 and 9, would be included the so-called thermophylic species which do- 
not grow at the temperature at which gelatin is solid. 
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group, or to the hog cholera group, or to some other equally indefinite 
group? We simply drop our colon bacillus into slot No. 2439, or our sewage 
_stroptococcus into No. 1129, and they immediately find themselves in con- 
genial company. 

“The system of recording reactions by means of plus or minus signs, 
‘used by Fuller and Johnson in their compilation of the bacterial flora of 
the Ohio river, was a distinct advance over the verbose written descrip- 
tions of earlier investigators. 

“To reduce the size of the tables and render comparisons more easy we 
may either reduce the number of tests tabulated or we may combine these 
‘tests in some manner so that two or more tests may be recorded in the 
'space at present occupied by one. 

“The reduction of the number of tests is not feasible if we would wish to 
have anything like complete data. As a means for combining the data with- 
out curtailing either its volume or its usefulness, the numerical system 
here described has proved quite successful. 

_ “As a basis for the system we start with the assumption that all of the 
tests usually applied in species differentiation may be logically divided into 
groups of three, any one, two or three of which may be positive. Arranging 
| these three tests, A, B, C, in the order of negatives we derive eight numbers, 
each one representing some combination of the positive and negative values 
of the three tests, as follows: 


l a 4 All negative. 


| 
hee 0 0 4- 
[| RS oe Two negative, one positive. 
|| ee ot 0 0 
Sa 
6 + 0 + One negative, two positive. 
7 + + 0 


| + + + All positive. 


“A glance at any one of the tabular descriptions of species of the present 
‘day will show that there are usually three characteristics recorded on each 
‘medium, and an arrangement by media is at once suggested. There are 
|some tests, however, which at first appear to introduce complications. For 
‘example, in the arrangement of tests further on, under milk, we have coagu- 
jlation, acid reaction, and alkaline reaction as values for A, B, C in the table 
of numbers. It is manifestly impossible for a reaction to be at the same 
time acid and alkaline. 

__ “This, however, does not vitiate the values for the other numbers, the 
digits 5 and 8 simply becoming non-existent. Under aerobiosis we have a 
‘More extreme case, only one of the three values used being possible at one 
‘time. In this case all of the digits except 2, 3 and 4 become silent. but as 
‘We are concerned only with the live numbers, this tends to simplify, rather 


‘than to complicate matters. In the case of pathogenesis and the indol 
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reaction, where we have the positive and negative values for only one fune- 
tion, we should use only the digits 1 and 8 as representing the extreme 
negative and positive limits. 

“Of course it would be possible to have a separate arrangement for such 
eases as these, or we might combine two or more of them, but this would 
tend rather to confusion than to simplicity. Throughout the system as 
arranged, only similar tests have been combined, the application of a num- 
ber of other combinations having been shown by a trial to lead to confusion. 

“In the application of the system to various tests, only such tests have 
been retained as have given constant results, and which can be duplicated 
at any time with media of a constant composition and with cultures in the 
proper condition for study, 7. e., after efficient preliminary cultivation. The 
order of the tests is based on their probable value in species differentiation. 
This order, with the division of the tests into groups, and the various fig- 
ures representing the various combinations which would appear in a tabu- 
lation of species by this method, is shown in the preceding table. (Fig. 3.) 

“The writers have devised a form for use at the Experiment Station, 
which proves to be so convenient, that it is here described for the benefit 
of others who wish to break away from the inconveniences of the older 
methods of keeping species records. The form shown is self-explanatory. 
Records are made in the columns on the right by plus and minus signs and 
a few well-known symbols. There is sufficient room in the body of the blank 
for notes and for such descriptive matter as is not recorded in the columns, 
while additional notes and drawings may be made at the bottom and on the 
back of the card. 

“The entries in the spaces across the top are made by the numerical 
system heretofore described. The form is printed on a good grade of card, 
stock, this being easier to handle and more durable than paper. The size 
of the card, eight by ten and one-half inches, is the same as the regular 
letter sheet, and cards may be filed in any of the numerous vertical cabinets 
which are on the market. The cards are filed in numerical order by the 
system already described. By this method, similar species come on adja- 
cent cards and it is a simple matter to weed out identical cultures. Com- 
parisons of descriptions are made by laying the cards down so that only 
the marginal columns are visible, the comparison being either the plus and 
minus signs or the numerical nomenclature, the numerical grouping render- 
ing the comparison of only a few cards necessary at any one time. We have 
found it to be very convenient to enter descriptions of other writers on this 
form, filing these cards with our own descriptions, thus eliminating read- 
ing back and forth from one system to another. The reduction of other 
descriptions to this form is not as laborious as would at first appear, the 
ruling of the form being so spaced that the copying may be readily done 
on the typewriter. 

“The ruled form follows: [Fig. 4.] 
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_ This work by Gage and his associates was in many ways the 
most important contribution which has been made to this plan of 
classification, since it introduced not only the use of the card and 
the group number but also many other details which have been or 
will be used in this connection. 

At the same meeting of the American Public Health Associa- 
tion, Kendall,*? who had assisted in the development of the 
Lawrence card while an assistant to Gage, presented a similar 
eard with the additional feature that the details of the culture 
growths were expressed by numbers. When ihe time comes for 
the study of the effect of changes in environment upon the finer 
details of culture characteristics the plan of Kendall or something 
similar will be found useful. At the present stage of the science 
his system is entirely too cumbersome. 

Conn now prepared a new card which was a copy of that of 
Gage with some extensions, particularly in the matter of milk. 
This was natural, as Conn was principally interested in the milk 
flora. A copy of this card is given in Fig. 5. 

During his extended study of bacteriological literature Chester?! 
had been impressed with the futility of the current methods of 
describing species and was looking for an improved method. The 
paper by Gage and Phelps before the American Public Health 
Association impressed him so strongly that in August, 1903, he 
applied to Gage and obtained a supply of the Lawrence cards 
for use in his own laboratory. 

The failure of the American Public Health Association com- 
mittee to proceed after its report on standard media created a 
general feeling that the Society of American Bacteriologists 
should take up the problem of classification. Chester presented 
the matter so forcibly at the Philadelphia meeting in December, 
1903, that a Committee on Identification of Bacterial Species was 


20 Kendall, A. I. A proposed classification and method of graphical tabu- 
lation of the characters of bacteria. Amer. Pub. Health Asso. Proc. 28 
(1902): 481-493. 1903. 

*1See footnote 3. 

* Letter to S, DeM. Gage, dated Aug. 20, 1903, 


appointed consisting of Messrs. F. D. Chester, F. P. Gorham ad 
Erwin F, Smith. 3 

At the eae meeting in December, 1904, Chester pre- 
sented a paper in which he introduced and oxplaned the group 
number as given on page 25. This paper was virtually a pre- 
liminary report of his committee, presented for suggestions and 
criticism. In the autumn of 1905, the first society card, repro- 
duced in Figs. 6 and 7, and a separate explanatory folder, given 
below, were distributed to members of the society. This first 
card was 5 x 8 inches, printed on both sides. ilk 


THE SOCIETY OF AMERICAN BACTERIOLOGISTS. 


Preliminary Report of the Committee on Methods for the Identification 
of Bacterial Species. . 


The study of bacteria for purposes of grouping calls for a recognition of 
two classes of characters, (1) salient features, which have primary value 
taxonomically and (2) detailed features, which serve to distinguish strains, 
races and varieties. a 

The division of the Schizomycetes into genera is that proposed by Migul 
and is based upon morphology. The division of the genera into groups is % 
yet a provisional, or a purely artificial one. It serves however to identify 
organisms, and is useful at least to that extent. Re 

The salient features of an organism belonging to any one genus can be 
conveniently expressed by a series of digits, representing a whole number 
and a decimal. This system readily enables organisms having simil 
characters to be brought together and grouped about some central orgé 
ism or type. The system is shown in Table I. ne 

An attempt has been made to arrange the characters in the order of thei: 
importance. It will be observed that chromogenesis has been placed la 
This is contrary to prior notions. Chromogenesis is a variable charac 
dependent upon environment. Organisms frequently show constancy in 
the characters which precede but may show altered or negative ch 
mogenesis. Many forms are identical in all the preceding characters a 
differ among themselves only in the presence or absence of pigment. 
separate them widely would do violence to a rational system of groupi 

The past literature of bacteriology abounds in such imperfect description 
of organisms as to make their grouping, according to any system, impos- 
sible. This fact calls for the adoption of some scheme to which all descrip- 
tions shall conform, in order that no essential character shall be overlook 
The accompanying card is proposed for the recording of the characte 


23 Chester, F. D. Principles of classification of bacteria. Report of Phila. 
Meeting of Dec. 27-8, 1904. In Science N. S. 21: 485-486. 1905; and Cent. 
f. Bak, TI, 15: 240-241. 1905. e 
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Fic. 6.— FRONT oF First Society CARD 


SALIENT FEATURES (Partly included in Group No.) 


ADDITIONAL SALIENT OR 


Group No. or ' : 
Genus |o a racter otaeiet Morph CuLTuraL Fraturss BIocHEMICAL FEATURES 
ee he) DiaGNnostic FEATURES 
‘ . | ique- 7 : 
| Broth |Agar| Gel. Plate |Gel.Stab| Potato eee ie Mitk 
bb = Sceamaaed ——_———— | =e | — 
=| 8 | n| 2 3 
Name 4 o. aie > a 5 
fs Elo a} Ot S |sea th & | S| 
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DETAILED FEATURES. 
I, -MorPHOLOGY. Germination, equatorial, oblique, polar, bipolar, 25). Potato. 
1. Vegetative Cells. _ ; by stretching. Form of growth (as before). 
Form, round, short rods, long rods, filaments, 4) “BlagellaiNOh. ce, eco. Elevation ty 
commas, short spirals, long spirals, clostridium, Arrangement. Lustre he es 
cuneate, clavate. 5 Gane eter Chromogenesis. 
ve S 2 PESCLL AA? :..6-acectwekeubease . 
ha ae Consistency as before.. 


Limits of Size.3 4° 
Ends, rounded, truncate, concave, 


6. Staining Reactions. 


Medium discolored. ° 


Orientation (grouping). 1:10 watery fuchsin........., 3. Blood serum. 
Agar , ) Chains (No. of elements),4........... Special Stains.......... Form of growth (as before). 
Block | short chains, long chains. Fat Bo ten eres . Elevation + = 
Orientation of Chains, parallel, irregular. Neisser.. 4.5.4.4 Lustre _ he! Sy 
2. Sporangia. \ Glycogen.......... Topography vos ve 
Form, elliptical, short rods, spindled, clavate. ab Wingo ee here n eee 6 Chromogenesis. 
Limits of Size. esedoat dear e: Medium discolored. 2 
Liquefaction. ..., <. 10dneweass Vo a Were wee ee 


Orientation (grouping). 
Chains (No., of elements). 
Orientation,of Chains. 
Location of Spores. 
3. Spores. 
Form, round, elliptical, (2X diath.) elongited. 
Limits of Size. 
Wall. ° 
Naked. ; 
Sporangium wal adherent.® 


Agar 
‘Block 


Form of growth, filiform, echinulate, beaded, 
spreading, plumose, arborescent, rhizoid. 

Elevation of growth, flat, effused, raised, convex. 

Lustre, glistening, dull, creiaceous. 

Topography, smooth, contoured, rugose, verrucose. 

Optical Characters, opaque, opalescent. 

Chromogenesis. 

Consistency, slimy, butyrous, viscid,. membra- 
nous, coriaceus, brittle. 

Medium discolored. 


Fic. 7.— BACK OF FIRST SOCIETY CARD. 


4. Agar Stab. 
Line of puncture,” filiform, beaded,” papillate, 
villous, plumose, arborescent. 
5.~Golatin Stab.7, 
Line of puncture (as before). 
Form of liquefaction, * crateriform,™ napiform, : 
infundibuliform, saccate, stratiform. 
Surface growth. 
Nore—Underscore required terms. Observe accompanying’ 


notes and glossary of terms. 


6. Broth. y, Agar colonies. Growth in closed arm. 
Surface growth, ring, scum, floculent, mem- Form (as before)........;. Acidifying coefficient 2d....4d.....10d 
branous, none. Bievationn a oes i oy : 3 ° ab eee’ 
Turbidity, slight, moderate, strong, transient, per- Edge See ton ae ae 4. Fermentation of... itd RAS a 
sistent, none. Internal Structure (as before).>>..... 5. Ammonia produetion,!0 feeble, moderate, strong, 
vs A Milk; 10. Relative growth at 20° and 37°C. 6. Reduction of nitrates in nitrate broth.11 
Coagulation. Presence of nitrites......... ae 
Liquefaction........ 40 CSS Sse cow ae ee TH, Brocnemicay Features. = ‘““ ammonia,..... RG 
Frenetion: nie 2 Ge icy cee divans ark O's Oya 1. Fermentation of dextrose, ia “ nitratesas, vse eee ; 
nn Gonaisteney, stomy, viseidy unchanged. Gus: production Sa ap a Mane eT 


H. CO: ratio. 
Growth in closed arm. 
Acidifying coefficient 92d....4d....10d..... 


Medium discolored. Ta Jndol. 
Milk agar. g\ \H 2S. . 
8. Gelatin Colonies. gh Starch Jelly. 
2. Fermentation of lactose. 
Gas: production... -7....- 
H. COQz ratio. 
‘Growth in closed arm. 


Acidifying coefficient 2d....4d..,..10d.. Se. 
Fermentation of saccharose,’ 


Gas production. 
H. CO» ratio. 


Form, punctiform,’ round, irregular, ameboid, 
mycelioid, filamentous, rhizoid. 

Elevation, flat, effused, raised, conver, pulvinate, 
crateriform, (liquefying). 

Edge, entire, undulate, lobate, erose, lacerate. fim- 
briate, cilliate, filamentous, flocose, curled. 3: 

Internal structure, amorphous, finely—caarsely- 
granular, grumose, filamentous, flocose, curled. 


IV. PatTuHocenrsis. 


V. ApvoitionaL Data. 


No.) 


, FEATURES ADDITIONAL SALIENT OR 
DiaGNosTic FEATURES 


ae 
o 
5 
=| 
so]. 
a] =|-2 
: 
) ‘al ol # 
o| a 
es Hs Be 
Hie Lent aloe a 
Une. Sele t 
ten! ra} 1 41 © 
Potato. 
orm of growth (as before), 
levation . od 
ustre - pe 
hromogenesis. 


onsistency as before.. 
edium discolored. ° 

Blood serum. 

orm of growth (as before),.) 
levation co ie 
ustre _ 
opography 
hromogenesis. 
edium discolored. | 
[QUeIZCUION..tsy..lLUdsiesaiee OaW evens 
Agar Stab. 

ine of puncture,” filiform, beaded,” _ papillate, 
villous, plumose, arborescent. 

Golatin Stab.7, 

ine of puncture a before). 
orm of liquefaction, * ; crateriform,% i napiform, 
infundibuli form, saccate, stratifjorm. 

irface growth. 


:—Underscore required terms, ’ " Observe accompanying’ 
nd glossary of terms. ages 


4e sé 


rowth in closed arm. - 
sidifying coefficient 2d....4d....,10d..... 


Fermentation Of 5. 6.sss..6+. 
Ammonia prod uetion, 10 feeble, moderate, strong. 


Reduction of nitrates in nitrate broth.11 
esence of nitrites) 00 t 
| 2s, IDMNONIA VES ces 
ja ‘ie nitrates..........., 


tz: EE": My SC en etymy ar aye a a Ar i ett a ill 


25 


of an organism. The salient features at the top of the card are expressed 
by the group number and by + or — signs, 

The detailed features are expressed by means of an appropriate terminology. 

The cards can be filed like catalogue cards, and arranged in accordance 
with the group number, thus bringing similar organisms together and 
rendering comparison easy. The reference numbers scattered through the 
text of the card refer to the appended notes. There is also attached a 
glossary of terms. 

TABLE I. 


A Numerical System of Recording the Salient Characters 
of an, Organism. 


100. Endospores produced 
200. Endospores not produced 
10. Aerobic (Strict) 
20. Facultative anaerobic 
30. Anaerobic (Strict) 
m Gelatin liquefied 
Gelatin not liquefied 
Acid and gas from dextrose 
Acid without gas from dextrose 
No acid from dextrose 
Acid and gas from lactose 
Acid without gas from lactose 
No acid from lactose 
.001 Acid and gas from saccharose 
.002 Acid without gas from saccharose 
.003 No acid from saccharose 
.0001 Nitrates reduced 
.0002 Nitrates not reduced 
.00001 Fluorescent 
.00002 Violet chromogens 
.00003 Blue chromogens 
.00004 Green chromogens 
.00005 Yellow chromogens 
.00006 Orange chromogens 
.00007 Red chromogens 
.00008 Brown chromogens 
.00009 chromogens 
.00000 Non-chromogenic 


SOoOowNEH 
won — 


The genus according to the system of Migula is given its proper symbol 
which precedes the number thus: 

BACILLUS COLI (Escherich) Migula becomes B..  212.11119 

BACILLUS ALCALIGENES Petruschky becomes B. 212.33310 

PSEUDOMONAS CAMPESTRIS (Pammel) Smith Ps. -211.33316 

BACTERIUM SUICIDA Migula (Pammel) Smith Bact. 212.2320 


NOTES. 


(1) For decimal system of group numbers see Table I. 

(2) Hill: “ Hanging-block” Preparations for the Microscopie Observation 
of Developing Bacteria: Jour. Med. Research, 1902, I, Ne. 2. 
Chester: A Review of the Bacillus Subtilis Group of Bacteria, 

Centralblatt f. Bakteriol, 2 te Abt. 1904, XIII, 739. 

(3) Chester: 1. c. p. 738. 

(4) Chester: 1. c. p. 741. 

(5) Chester: 1. ¢. p. 742. 
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(6) The composition, method of preparation, and reaction of all media 
should be given in connection with the description of cultura] 
features (See revised methods of Laboratory Section of Am. Pub, 
Health Assoc., 1905). 

(7) Gelatin stab cultures should be held for 4 weeks to determine lique. 
faction. 

(8) Remove an oese of the culture, deposit same on strip of Squibb’s neu: 
tral litmus paper, by the side of which is placed a similar quantity 
of the blank, or titrate 5 c. ce. with N NaOH. 

(9) Titrate with N NaOH using phenolphthalein as an indicator: make 
titrations at same times from blank. Acidifying coefficient equal 
titre of culture divided by titre of blank. 

The titration should be done after boiling to. drive off any CO, 
present in the culture. 

(10) Place 1 ¢. c. of culture in one 50 ¢c. ec. Nessler jar and 1 ec, ¢. of blank 
in another; fill to 50 ¢e. ce. mark with ammonia-free water; add 
2c. c. of Nessler reagent to each tube and compare tints; compare 
tints before precipitation occurs. 

(11) Nitrates may be reduced to ammonia and free nitrogen and no ni} 
trates may be present: this, however, is equivalent to a reduction) 
Test for nitrites by the starch, iodide of potassium, sulphuric acid 
test. Determine nitrates in culture and blank by the phenol-sul: 
phonic acid method, using 1 ¢. ¢. of each. 

Also compare ammonia, by method in note 10, in nitrate and 
plain broth cultures of same age and also in uninoculated nitrate 
broth of same batch. 


GENERAL NOTE — Observations on morphology of vegetative rods to be 
made on 18 to 24 hour agar stroke cultures grown under optimum con: 
ditions. Observations of cultural features to cover a period of at least 
10 days. Determination of acid production to be made on second, fourth 
and tenth days of growth. Ammonia, indol and nitrite tests to be 
made at end of tenth day. Observations on liquefaction to be’ extended 
four weeks. 


GLOSSARY OF TERMS. 


ARBORESCENT, a branched, tree-like growth. 

AMEBOID, assuming various shapes like an ameba. 

BEADED, in agar strokes, disjointed or confluent colonies; in agar stat 
disjointed or confluent colonies along the line of inoculation, 

BRITTLE, growth dry, friable under the platinum needle. 

BULLATE, growth rising in convex prominences, like a blistered surface. 

BUTYROUS, growth of a butter-like consistency. 

CHAINS, 
Short chains composed of 2-8 elements. j 
Long chains composed of more than 8 elements. 

CILIATE, having fine hair-like extensions, like cilia. | 

CONTOURED, an irregular, smoothly undulating surface, like that of a) 
relief map. 

CONVEX, surface the segment of a circle, but flatly convex. 

CORIACEOUS, erowth tough, not yielding to the platinum needle. 

CRATERIFORM, round, depressed, due to the liquefaction of the medium. 

CRETACEOUS, growth opaque and white, chalky. 

CURLED, composed of parallel chains in strands, as in anthrax colonies. 

ECHINULATE, in agar stroke a growth along line of inoculation, with 
toothed or pointed margins; in stab cultures growth beset with pointed 
outgrowths. 

EFFUSED, growth thin, veily, usually spreading. 

ENTINE, smooth, having a margin destitute of teeth or notches. 
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‘ROSE, border irregularly toothed. 

ILAMENTOUS, growth composed of long irregularly placed or interwoven 

| filaments. 

TLIFORM, in agar stroke a uniform streak along line of inoculation; in 

stab cultures a uniform growth along line of inoculation. 

IMBRIATE, border fringed with slender processes, larger than filaments. 

‘LOCOSE, growth composed of short curved chains, variously orientated. 

NFUNDIBULIFORM, form of a funnel or inverted cone. 

ACERATE, having the margin cut into irregular segments as if torn. 

LOBATE, border deeply undulate, producing lobes (see undulate). 

fEMBRANOUS, growth thin, coherent, like a membrane. 

MYCELIOID, colonies having the radiately filamentous appearance of mould 
colonies. 

YAPIFORM, liquefaction with the form of a turnip. 

*~LUMOSE, a fleecy or feathery growth. 

-ULVINATE, in the form of a cushion, decidedly convex. 

-UNCTIFORM, very minute colonies, whose form cannot be seen with the 
naked eye. 

2AISED, growth thick, with abrupt or terraced edges. 

2HIZOID, growth of an irregular branched or root-like character, as in 
B. mycoides. 

RUGOSE, wrinkled. 

SACCATE, liquefaction the shape of an elongated sack, tubular, cylindrical. 

SPREADING, growth extending much beyond the line of inoculation. 

JNDULATE, border waved, with shallow sinuses. 

VERRUCOSE, growth wart-like, with wart-like prominences. 

VERMIFORM-CONTOURED, growth like a mass of worms, or intestinal 
coils, as in potato cultures of the potato bacillus. 

VILLOUS, growth beset with hair-like extensions. 

VISCID, growth follows the needle when touched and withdrawn, sediment 
on shaking rises as a coherent swirl. 

For further terminology see Manual of Determinative Bacteriology, Chester. 
1901, pp. 381-86. 


This first card and accompanying explanation were almost ex- 
lusively the work of Chester, the other two members having made 
mly a few suggestions.4 While it contained little that was 
trictly new in principle, it was a decided improvement on what 
mad preceded it. The first two places in the Lawrence group 
mmber were rendered superfluous by designating the genera ac- 
“ording to the system of Migula, thus restricting the group number 
0 the separation of species. The group number was extended to 
sight places but the supplementary numbers on the Lawrence 
sard, which were virtually part of the group number, were elimi- 
nated. This latter action was not in the line of progress. The 
need of a method of tersely expressing those characteristics which 


24Details of the committee action have been kindly supplied by Drs. 
Gorham and Smith. 
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are not accepted as being of classificatory rank is evident.. 7 
additions under the head of “ Detailed Features” was an 1 
provement, a step toward accommodating a complete record of 
organism upon a single card. : 

The samples of this card and accompanying folder were d 
tributed to the members some months before the Ann Arbor me 
ing in December, 1905, and were discussed at that meeting, 

The principal objections raised against the first card were t 
evident inconvenience of consulting data on both sides of the ca 
and the fact that the record of + and — was in the body of ¢ 
card where it was not easy to make comparisons with other car¢ 
Both of these objections were met in the second society card, whi 
appeared during 1906, and is reproduced in Figs. 8 and 9. 

This card was 8x 10 inches, the increased size allowing all - 
the data to be placed on one side, the reverse side furnishing tl 
information previously given by an accompanying folder. TI 
arrangement of the headings was also improved, the spaces fi 
the + and — signs being at the margin to facilitate the compal 
son of a number of cards. 

The activities of Professor Chester in this connection pract 
cally ceased with this second card, as he went into commercl 
work and later severed his connection with the society. 

When discussed by the society at the New York meeting i 
1906, the desire was expressed to have a card sufficiently extensit 
to accommodate all of the data which should be necessary in d 
scribing a new species and at the same time have a provision fe 
emphasizing the points most important in classification. Th 
burden of fulfilling these instructions fell mainly upon Dr. Erwi 
F, Smith. The result was the 81% x 1014-inch card adopted b 
the society at the Chicago meeting. This card is shown in Fig 
10 and 11, the reactions for Ps. campestris being indicated 1 
make the form self-explanatory. 

This third card, which was indorsed by the Society of America 
Bacteriologists December 31, 1907, differs from its predecessor 
in that the group number, brief characterization, detailed feature 
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A Numerical S$: 


100) Endosp: 
200 Endospi 
10 Aerobic 
20. Faculta 
30. Anaerok 
1 Gelatin 
2 Gelatin 
0.1 Acid an 
0,2 Acid wi 
0.3 No acid 
Ol Acid an 
\,02 Acid wi 
.03 No acid 
O01 Acid an 
‘002 Acid wi 
003 No aeid 
0001 Nitrate: 
.0002 #Nitrate: 
00001 Fluores 
00002 Violet ¢ 
.00003 Blue 
.00004 Green 
00005 Yellow 
.00006 Orange 


.00007 Red 
.00008 Brown 
00009 


.00000. Non-ch 


The genus accor 
symbol which prece 


BACILLUS COL} 
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PSEUDOMONAS 
BACTERIUM St 


(1) For decima 

(2) Observatior 
made on 18 to 24 t 
conditions. Obser 
of at least 10 days. 
reaction of all me 
scription of cultw 
Section of Am. Pu 

(3) Gelatin sta 
termine liquefactio 


Group No.! “! 
i} 
[= 
—} 
Cult. No. E mn 5 2 = 
5) | 5) la] Sl ¢le 
° a ‘| ot. 
N 6] @| 2) Bl) 5 Ale 
ame el-al || §| | a) 2 
S161 81816 
Al? Aa) O Broth 
Source 
Morphology? 
I MorpHoxiosy.? 


IT, 
- 


1. 


4 


5 Capsules, present on., 
6. 


Vegetative Cells. 


Form, round, short rods, long rods, filaments, 


commas, short spirais, long spirals, clostrid lum, 


_ cuneate, clavate. 
Limits of Size. 
Ends. rounded, truncate, concave. 


Orientation, (grouping). 


Agar Chains (No. of elements),. 
Block ) short chains, long chains 
Orientation of Chains, parallel, irregular. 
Sporangia. 


Form, elliptical, short rods, spindled, clavate) 
Limits of Size. 
Orientation (grouping). 


Chains (No. of elements). 
Orientation of Chains, 


Agar 
Block 


Location of Endospores., 


3. Endospores 


Form round. elliptical, elongated. 


Limits of Size. 

Wall, 

Naked. 

Sporangium wall adherent. 

Germination, equatorial oblique, polar, bipolar, 
by stretching. 
Flagella No.. 


Arrangement, 


Staining Reactions. 
1.10 watery fuchsin........: 
Methylene blue. 
Special Staims.... . .... 
Fat.. 
Neisser... 


Glycogen.... 


Pe eRae 8 1M, 


se %teeree 


CULTURAL FEATURES.: 
Agar Stroke. 
Form of growth, filiform, echinulate, beaded, 
spreading plumose, arborescent, rhizoid. 
Elevation of growth, flat, effused, raised, conver. 
Lustre, glistening, dull, cretaceous 
Topography, smooth, contoured, rugose, verrucose. 
Optical Characters opaque, opalescent. 
Chromogenesis. 
Consistency, slimy, butyrous, viscid, membra- 


nous coriaceous, britile. 


Medium discolored. 


me ee | ee 


——e | | | — | | | Oe | ee | 


“ 
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a2} Cjale |] = O} cal Ble ol we ® 
£2) 3| SO} 4\ 3] & aie lte Pape eae 2 

=|! | 3) 8|8) e| B13) 813) 2) |g] Si als. 

3/2] 2] 2) £)5/ 3/5] $| 5] 8] 2) 2] 2} a) 3) 

ALES) elalx el Sl El alz] =| Ald| 5/S1z 
Agar. Gel. Plate |Gel. Stab Potato] Tedguet ae: 

Cucturat Features? 
DETAILED FEATURES. 
2. Potato. 
Form of growth, filiform, echinulate, beaded, 
spreading, plumose, arborescent, rhizoid. 
Elevation of growth, flat, effused, raised, convex. 
Lustre, glistening, dull, cretaceous. 
Topography, smooth, contoured, rugose, verrucose. 
Chromogenesis. 
Consistency, slimy, butyrous, viscid, membra- 
nous, coriaceous, brittle. 
Medium discolored. 
3. Blood serum, 
Form of growth, filiform, echinulate, beaded, 
spreading, plumose, arborescent, rhizoid. 
Elevation of growth, flat, effused, raised, conver. 
Lustre, glistening, dull, cretaceous. 
Topography, smooth, contoured, rugose, verrucose. 
Chromogenesis. 
Medium discolored. 
Liqualaction........ 10d33. #3 a ee 
4. Agar Stab. 
Line of puncture, filiform, beaded, ‘papillate, 
villous, plumose, arborescent. 
5. Gelatin Stab. 
Line of puncture, filiform, beaded, papillate, 
villous, plumese, arborescent. 
Form of Liquefaction,*? cratertform, nagiform, 
infundibuliform, saccate, stratiform. 
Surface growth. 
6. Broth. 
Surface growth, ring, ecum, floculent, mem- 
branous, none. 
Turbidity, slight, moderate, strong, transient, 
persistent, none. 
7. Makkc. 
Coagulation. 
Liquefaction .:...... TOW ener, AE ay ate 
Reaction in 2d...... Yas Paes PO-cl rs ite : 
Consistency, slimy, viscid, unchanged. 
Medium discolored. 
Milk agar. 
8. Gelatin Colonies, 
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Form, punctiform, round, irregular, amebord, 
mycelioid, filamentous, rhizoid. 

Elevation, flat, effused, raised, conver, pulvinate, 
crateriform, (liquefying). 

Edge, entire, undulate, lobate, erose, ‘lacerate, 


fimbriate, filamentous, flocose, curled. 
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BrocHemMicas FEATURES 


9 


10 


rrr. 


ADDITIONAL SALIENT OR 
DIAGNOSTIC FEATURES 


Internal structure, amorphous, finely—coarsely- 
granular, grumose, filamentous, flocose, curled. 


. Agar Colonies, 

Form, punctiform, round, irregular, ameboid 
mycelioid, filamentoue, rhizoid. 

Elevation, flat, effused, raised, convex, pulvinate, 
crateriform, (liquefying). 

‘Edge, entire, undulate, lobate, eroae, lacerate, fim- 
briate, flocose, curled. 

Internal structure, amorphous, finely,—coarsely- 
granular, grumose, filamentous, flocose, curled. 


. Relative growth at 20° and 37°C. 
BrocHemicaL FEATURES. 

g 
g 2 
é o| #] 3 
Fermentation of Poy se: a 
o|1 3] 8 
Alel Da 


Gas Production 


H. CO, ratio 


Growth in closed arm 


: 4da> 


Ammonia production,* feeble, moderate, strong. 


8. Reduction of nitrates in nitrate broth.* 
Presence of nitrites....... ee 
Ss oe AIAN OMI ahead. « 
ri St” hit yabenere.. tree 
s ‘+ free niffogen ....... 
4. Starch Jelly. 
IV. PatTHOGENESIS: 


Mice, Rats, Guinea Pigs, Rabbits, Man. 


1. Toxin-forming. 

2. Non-toxin forming. 

3. Immunity bactericidal. 

4. Fmmunity non-bactericidal. 


V. ADDITIONAL DATA, 


NOTE —Underscore required terms, Observe notes and glossary of terms on opposite side of card. 


===" SACCATE, tiquetaction the shape of an’ elongated sack, tubular, — 
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GLOSSARY OF TERMS. 


ARBORESCENT, a branched, tree-like growth. 

AMEBOID, assuming various shapes like an ameba. 

BEADED, in agar strokes, disjointed or confluent colonies; in agar 
stab, disjointed or confluent colonies along the line of in- 
oculation. 

BRITTLE, growth dry, friable under the platinum needle. 

ee growth rising in coxvex prominences, like a blistered 
surface. 

BUTYROUS, growth of a butter-like consistency. 

CHAINS, 

Short chains, composed of 2—8 elements. 
‘Long chains composed of more than 8 elements, 

CILIATE, having fine, hair-like extensions, like cilia, 

CONTOURED, an irregular, smoothly undulating’ surface, like that 
of a relief map. 

CONVEX, surface the segment of a circle, but flatly convex. 

CORIACEOUS, growth tough, not yielding to the platinum needle. 

See Ae round, depressed, due to the liquefaction of the 
medium. 

CRETACEOUS, growth opaque and white, chalky. 

CURLED, composed of parallel chains in strands, as in anthrax 
colonies. 

ECHINULATE, in agar stroke a growth along line of inoculation, 
with toothed or pointed margins; in stab cultures growth 
beset with pointed outgrowths. 

EFFUSED, growth thin, veily, usually spreading. 

ENTINE, smooth, having a margin destitute of teeth or notches. 

EROSE, border irregularly toothed. 

FILAMENTOUS, growth composed of long, irregularly. placed or 
interwoven filaments. : 

FILIFORM, in agar stroke a uniform ‘streak along line of in- 
oculation; in stab cultures a uniform growth along line of 
inoculation. j 

FIMBRIATE, border fringed with slender processes, larger than 
filaments. j 

FLOCOSE, ‘growth composed of short curved chains,~ variously 
orientated. 

INFUNDIBULIFORM, form of a funnel or inverted cone. 

LACERATE, having the margin cut. into irregular segments as if 
torn. 

LOBATE, border deeply undulate, producing lobes (see undulate). 

MEMBRANOUS, growth thin, coherent, like a membrane. 

MYCELIOID, colonies having the radiately filamentous appearance 
of mold colonies ; 

NAPIFORM, liquefaction with the form of a turnip, 

PLUMOSE, a fleecy or feathery growth. 

PULVINATE, in the form of a cushion, decidedly convex. 

PUNCTIFORM, very minute colonies, whose form cannot be seen 
with the naked eye. 

RAISED, growth thick, with abrupt or terraced edges. 

RHIZOID, growth of an irregular branched or root-like character, 
as in B: mycordes. 

RUGOSE, wrinkled. 


cylindrical. ° 

SPREADING, growth extending much heyond the line of in- 
oculation. . 

UNDULATE, border waved, with shallow sinuses. 

VERRUCOSE, growth wart-like, with wart-like prominences. 

YVERMIFORM-CONTOURED, growth like a mass of worms, or 
intestinal coils, as in potato cultures of the potato bacillus, 

VILLOUS, growth beset with hair-like extensions. 

VISCID, growth follows the needle when touched and withdrawn, 
sediment on shaking rises as a coherent swirl. 

For further terminology see Manual of Determinative Bac- 
teriology, Chester, 1901, pp. 381-86, “ 


TABLE I. 


A Numerical System of Recording the Salient Characters 
of an Organism. 


100; Endospores produced 
200 Endospores not produced. 
10 Aerobic (Strict) 
20. Facultative anaerobic. 
30, Anaerobic (Strict) 
1 Gelatin liquefied 
2 Gelatin not liquefied 
0.1 Acid and gas from dextrose 
0,2 Acid without gas from dextrose 
0.3 No acid from dextrose 
01 Acid and gas from lactose 


02 Acid without gas from lactose, 
03 No acid from lactose 

O01 Acid and gas from saccharose 
002 Acid without gas from saccharose 
.003 No aeid from saccharose 


0001 Nitrates reduced 
0002 Nitrates not reduced 


00001 Fluorescent 
.00002 Violet chromogens 
.00003 Blue ai 


.00004 Green .< 
00005 Yellow vid 
00006 Orange as 


.90007 Red heed 
.00008 Brown “ 
.00009 as 
.00000 Non-chromogenic 


The genus according to the system of Migula is given its proper 
symbol which precedes the number thus:-, 

BACILLUS COLI (Escherich) Migula becomes  ‘B,. 222.11110 

BACILLUS ALCALIGENES Petruschky =‘ wm  B. 212.33310 

PSEUDOMONAS CAMPESTRIS (Pammel) Smith Ps. 211.33315 

BACTERIUM SUICIDA Migula’— SE SEL © SBC ty 222.2320 


NOTES. 


(1) For decimal system of group numbers see Table 1,. 

(2) Observations on morphology of vegetative rods are to be 
made on 18 to 24 hour agar stroke cultures grown under optimum 
conditions. Observations of cultural features are to cover a period 
of at least 10 days, The composition, method of preparation, and 
reaction of all media should be given in connection with the de- 
scription of cultural features (See revised methods of Laboratory 
Section of Am. Pub, Health Assgc., 1905). 

(3) Gelatin stab cultures should be held for 4 weeks to de- 
termine liquefaction. ied 


(4) Ammonia, Indot and nitrite tests to be made at end of 


tenth day. 

(5) Titrate with §; NaOH, using phenolphthalein as an in- 
dicator: make titrations at same times. from blank. ‘Acidifying 
coefficient equals titre of culture divided by titre of blank. 


The titration should be done after boiling to drive off any CO, 5 
present in the culture. ; 
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on a cover-glass, the surface 
touched with a loop from 
a dilution from the same. 
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MAXIMUM TEMPERATURE, temperature above whi 
does not take place. 

MEDIUM, several weeks. 

MEMBRANOUS, growth thin, coherent, like a membra 

MINIMUM TEMPERATURE, temperature below whi 
‘does not take place. 

MYCELIOID, colonies having the radiately filamentot 
ance of mold colonies. 

NAPIFORM, liquefaction with the form of a turnip. 

NITROGEN REQUIREMENTS, the necessary nitroge: 
This is determined by adding to nitrogen-free 
nitrogen compound to be tested. 

OPALESCENT, resembling the color of an opal. 

OPTIMUM TEMPERATURE, temperature at whic 
is most rapid. 

PELLICLE, in fluid bacterial growth either formir 
tinous or an interrupted sheet over the fluid. 

PEPTONIZED, said of eurds dissolved by trypsin. 

PERSISTENT, many weeks, or months. 

PLUMOSE, a fleecy or feathery growth. 

PSEUDOZOOGLOEAE, elumps of bacteria, not 
readily in water, arising from imperfect sepa 
more or less fusion of the components, but na 
the degree of compactness and gelatinization 
zo0ogloeae, 

PULVINATE, in the form of a cushion, decidedly co 

PUNCTIFORM, very minute colonies, at the limit 
vision, 

RAISED, growth thick, with abrupt or terraced edges 

RHIZOID, growth of an irregular branched or root-like 
as in B. mycoides. 

RING, Same as RIM, growth at the upper margin ¢ 
culture, adhering more or lesa closely to the glag: 

REPAND, wrinkled. 

RAPID, Developing in 24 to 48 hours. 

SACCATE, liquefaction the shape of an elongated sac! 
cylindrical. 

SCUM, floating islands of bacteria, an interrupted 
bacterial membrane. 

SLOW, requiring 5 or 6 days or more for development 

SHORT, applied to time, a few days, a week. 

SPORANGIA, cells containing endospores. 

SPREADING, growth extending much beyond tk 
inoculation, i. ¢., several millimeters or more. 

STRATIFORM, liqucfying to the walls of the tube : 
and thea proceeding downwards horizontally. 

THERMAL DEATH-POINT, the degree of heat r 
kill young fluid cultures of an organism expo: 
minutes (in thin-walled test tubes of a ciamet: 
ceeding 20 mm.) in the thermal water-bath. 


‘DETAILED FEATURES. 


ostte Oummar ey 


/NOTE—Underscore required terms, Observe notes and glossary 
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5. Gelatin Stab, : 
Growth unzform a at hep, best at bottom. 
Line of puncture, orm, beaded, papillute, villous, 


2: 


Ammonia production, feeble, moderate, strong, 
absent, masked by acids. 


croup No. OES AML BIPAMS 


# BRIEF CHARACTERIZATION 


~ Mark + or O, and when two terms occur |; 


i i 2 ; ; on a line erase the one which does not} 
of terms on opposite side of card.” Li aparece arborescent, 3. Nitrates in nitrate broth, apply untess both apply. 
: ‘ er 1queiactio aterijor Y y ‘buli- : 
I MORPHOLOGY (?)_ _ form, encaul irataorn ae a ora series iiah Dede, : Diameter over 1/4 “10 
1. Vegetative Cells, Medium used.......eseseeess 000 ES complateidiers. bas ae: Faugee Presence of nitrites... .....AMMOMIA,...+.+seeeee re ——— 0 ee 
aes Sig Te oS ees 4 ae = oes tS re ie ; 6 Medium fluorescent, browned,.......ee00. ** nitrates........free mitrogen.,....+. S Chains, filaments 
» Tound, short Troas, long rods, short chains, » Nutrient Broth 4. Indol ducti feeble, moderate, strong End ; 
long chains, filaments, commas, short spirals Surface growth ring, pellicle, flocculent Se ee Obs Or eu Netra fc) ndospores ‘OC: 
. ict spirals, EMO Cimexte eaves, curued. ane, wth, ring, pellicle, flocculent, membranous, 5. Toleration of Acids: Great, medium, slight, Capeulés oO 
imits of Size............ : Clouding slight, moderate, strona:  érunsient Acids tested..... ocnshtatet ee aonb . st cae oe? ML ORL CEAPTSEE EE 
—_ of Majority. -.... 05.4 | ersigt fall urd Lurbed. 6. Toleration of NaOH: great, medium, slight. On Zoogloga. Preudozengives Bates | 
Ends, rounded, truncate, concave. | Odor, absent, ded, resemblingSwee.t .COrn 7. Opti ti for growth in bouillon "| Motile od 
Orientation (grouping)... Sediment, .compact, flocculent, granular, fluky, viscid id aoe Skea : : a ipeere 
Agar hains (No. of elements).... on agitation, gbundant, scant. stated in terms of Fuller’s scale..,..-+--...+- Involution forms: 
Hanging-Block ort chains, long chains 7. Milk. 8. Vitality on culture media: brief, moderate, long. aromas j ; ct 
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GLOSSARY OF TERMS. 

AGAR HANGING BLOCK, a small block of nutrient agar cut 
from a poured plate, and placed on a cover-glass, the surface 
next the glass having heen first touched with a loop from 
a young fluid Culture or with a dilution from the same. 
It is examined upside down, the same as a hanging drop. 

AMEBOID, assuming various shapes like an ameba. 

AMORPHOUS, without visible differentiation in structure. 

ARBORESCENT, a branched, tree-like growth. 

BEADED, in stab orsstroke, disjointed or semi-confluent colonies 
along the line of inoculation. 

BRIEF, a few days, a week. 

BRITTLE, growth dry, friable under the platinum needle. 

BULLATE, growth rising in convex prominences, like a blistered 
‘surface, 

BUTYROUS, growth of a butter-like consistency. 

CHAINS, 

Short chains, composed of 2 to 8 elements. 
Long chains, composed of more than 8 elements, 

CILIATE, having fine, hair-like extensions, like cilia. 

CLOUDY, said of fluid cultures which do not contain 
pseudozoogioese, 

COAGULATION, the separation of, casein from whey in milk. 
This may take place quickly or slowly, and as the result 
either of the formation of an acid or of a lab ferment. 

CONTOURED, an irregular, smoothly undulating surface, like 
that of a relief map. 

CONVEX, surface the segment of a circle, but flattened. 

COPROPHYL, dung bacteria. 

CORIACEOUS, growth tough, leathery, not yielding to the 
platinum needle. 

CRATERIFORM, round, depressed, due to the liquefaction of 
the medium, 

CRETACEOUS, growth opaque and white, chalky. 

CURLED, composed of parallel chains in wavy strands, as-in 
anthrax colonies. 

DIASTASIC ACTION, Same as DIASTATIC, conversion of 
starch into water-soluble substances by diastase. 

ECHINULATE, in agar stroke a growth along line of inoo- 
ulation, with toothed or pointed margins; in stab cultures 
growth beset with pointe! outgrowths. 

EFFUSE, growth thin, veily, unusually spreading. 

ENTIRE, smooth, having a margin destitute of teeth or notches. 

EROSE, border irregularly toothed. 

FILAMENTOUS, growth composed of long, irregularly placed 
or interwoven filaments. 

FILIFORM, in stroke or stab cultures a uniform growth along 
line of inoculation. 

FIMBRIATE, border fringed with slender processes, larger 
than filaments. 

FLOCCOSE, growth composed of short curved chains, va- 
riouly oriented. 


mr cal > + 


i. e., small adherent masses of bacteria of various shapes 
and floating in the culture fluid. 

FLUORESCENT, having one color by transmitted light and 
another by reflected light. 

GRAM’S STAIN, a method of differential bleaching after 

»  gentian violet, methyl violet, etc. The + mark is to be 

given only when the bacteria are deep biue or remain 
blue after counterstaining with Bismark brown. 

GRUMOSE, clotted. 

INFUNDIBULIFOR\M, form of a funnel or inverted cone. : 

IRIDESCENT, like mother-of-pearl. The effect of very thin 
films, 

LACERATE, having the margin cut into irregular segments 
as if torn. 

LOBATE, border deeply undulate, producing lobes (see un- 
dulate.) 

LONG, many weeks, or months. f 
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MAXIMUM TEMPERATURE, temperature above which growth 
does not take place. 

MEDIUM, several weeks. 

MEMBRANOUS, growth thin, coherent, like a membrane. 

MINIMUM TEMPERATURE, temperature below which growth 
‘does not take place. 

MYCELIOID, colonies having the radiately filamentous appear- 
ance of mold colonies. 

NAPIFORM, liquefaction with the form of a turnip. 

NITROGEN REQUIREMENTS, the necessary nitrogenous food 
This is determined by adding to nitrogen-free media the 
nitrogen compound to be tested. 

OPALESCENT, resembling the color of an opal. 

OPTIMUM TEMPERATURE, temperature at which growth 
is most rapid. 

PELLICLE, in fluid bacterial growth either forming a con- 
tinous or an interrupted sheet over the fluid. 

PEPTONIZED, said of curds dissolved by trypsin. 

PERSISTENT, many weeks, or months. 

PLUMOSE, 2 fleecy or feathery growth. 

PSEUDOZOOGLOEAE, elumps of bacteria, not dissolving 
readily in water, arising from imperfect separation, or 
more or less fusion of the components, but not having 
the degree of compactness and gelatinization seen in 
z00g10088. 

PULVINATE, in the form of a cushion, decidedly convex. 

PUNCTIFORM, very minute colonies, at the limit of natural 
vision. 

RAISED, growth thick, with abrupt or terraced edges, 

RHIZOID, growth of an irregular branched of root-like character, 
as in B. mycoides. 

RING, Same as RIM, growth at the upper margin of a liquid 
culture, adhering more or lesa closely to the glass, 

REPAND, wrinkled. 

RAPID, Developing in 24 to 48 hours. 

SACCATE, liquefaction the shape of an elongated sack, tubular, 
cylindrical. 

SCUM, floating islands of bacteria, an interrupted pellicle or 
bacterial membrane. 

SLOW, requiring 5 or 6 days or more for development, 

SHORT, applied to time, a few days, a week. 

SPORANGIA, cells containing endospores. 

SPREADING, growth extending much beyond the line of 
inoculation, i. ¢., several millimeters or more. 

STRATIFORM, liqucfying to the walls of the tube at the top 
and thea proceeding downwards horizontally. 

THERMAL DEATH-POINT, the degree of heat required to 
kill young fluid cultures of an organism exposed for 10. 
minutes (in thin-walled test tubes of a ciameter not ex- 
ceeding 20 mm.) in the thermal water-bath. The water 


must be kept agitated so that the temperature shall bo 
Sh gre vey SS USE Del Av Cetera 
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ids" which” contain pseudozooglocae, ~~ uniform during the exposure, 


TRANSIENT, 2 few days. 

TURBID, cloudy with flocculent 
flocculence. 

UMBONATE, having a button-like, raised center, 

UNDULATE, border wavy, with shallow sinuses. 

VERRUCOSE, growth wart-like, with wart-like prominences. 


Particles; cloudy plus 


VERMIFORM-CONTOURED, growth like a mass of worms, 


or intestinal coils, 

VILLOUS, growth beset with hair-like extensions. 

VISCID, growth follows the needle when touched and with- 
drawn, sediment on shaking rises as a coherent swirl, . 

SOOGLOEAE, firm gelatinous masses of bacteria, one of the 
most typical examples of which is the Streptococcus mesenter- 
‘toides of sugar vats (Leuconostoc mesenterioides), the bac- 
terial chains being surrounded by an enormously thickened 
firm covering, inside of which there may be one or many 
groups of the bacteria, : 


NOTES. 


ecimal system of group numbers see Table 1. This 
will be eee ome as BS atiek method of showing close relationships 
inside the genus, but is not a sufficient characterization of any 
organism. z : 
; (2) -The morphological characters shall be determined and 
deseribed from growths obtained upon at least one solid medium 
(nutrient agar) and in at least one liquid medium (nutrient broth.) 
Growths at 37° C shall bein general not older than 24 to 48 hours, 
and growths at 20°C not older than 48 to 72 hours. ‘Io secure uni- 
formity in: cultures, in all cases preliminary cultivation shall 
sracticed as described in the revised Report af the Committee on 
Standard Methods of the Laboratory Section of the American 
Public Health Association, 1905. ; 

(3) The observation of cultural and bio-chemical features 
shall cover a period of at least 15 days and frequently longer, and 
shall be made aceording to the revised Standard Methods above 
referred to. All media shall be made according to the same Stand- 
ard Methods. 

(4) Gelatin stab cultures shall be held for 6 weeks to deter- 
mine liquefaction 


(5) Ammonia and indol tests shall be made at end of 10th 
day, nitrite tests at end of 5th day. 
(6) Titrate with 8 NaOH, using phenolphthalein as an 


indicator: make titrations at same times from blank. The 
difference gives the amount of acid produced. 


The titration should be done after boiling to drive off any 
CO; present in the culture. 


(7) Generic nomenclature shall begin with the year 1872 
(Cohn’s first important paper.) 


Species nomenclature shall begin with the year 1880 
(Koch’s discovery of the poured plate method for the separation 
of organisms.) 


(8) Chromogensis shall be recorded in standard color terms.. 


TABLE I. 
A NUMERICAL SYSTEM OF RECORDING THE SALIENT 
CHARACTERS OF AN ORGANISM. (GROUP NUMBER) 


100. Endospores produced 
200, Endospores not produced 
10, Aerobic (Strict) 
20. Facultative anaerobic 
30, Anaerobic (Strict) 
is Gelatin liquefied 
2: Gelatin not liquefied 
0.1 Acid and gas from dextrose 
0.2 Acid without gas from dextrose 
0.3 No acid from dextrose 
0.4 No growth with dextrose 
01 Acid and gas from lactose 
02 Acid without gas from lactase 
.03 No acid from lactose > 
04 No growth with lactose 
001 Acid and gas from saccharose 
-002 Acid without gas from saccharose 
.003 No acid from saccharose 
004 No growth with saccharose 
0001 Nitrates reduced with evolution of gas 
-0002 Nitrates not reduced 


0003. 
O0CDI  =~——- Fluorescent 


-00002 Violet chromogens 

-00003 Blue — 

200004 Green ie 

-00005 Yellow 2 

.00006 Orange = 

«00007 Red = 

.00008 Brown “4 

200009 Pink be 

-00000 Non-chromogenic 

000001 Diastasic action on potatostarch, strong 
000002 Diastasic action on potatostarch, feeble 
-000003 _ Diastasic action onpotatostarch, absent 
-0000001 Acid and gas from glycerine ; 
0000002. Acid without gas from glycerine 
-0000003 No acid from glycerine 

-0000004 No growth with glycerine — 


. The genus according to the system of Migula is 
pee ue a es _symbol which precedes the number 
us: . 


Bacriivus cout (Esch.) Mig. 


becomes B. =. 222..111102 
ACILLUS ALCALIGENES Petr. Q 4 212.333102 
‘PSEUDOMONAS CAMPESTRIS ( Pam.) Sm. ‘! Ps. 211.383151 


(BACTERIUM SOUICIDA Mig. A 


Nitrates reduced without gas formation i 


Bact. 222.232208 =. 
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NOTES, 


(1) For decimal system of group numbers see Table 1.. This 
will be found useful as a quick method of showing close relationships 
inside the genus, but is not @ sufficient characterization of any 
organism, ; 2 3 

(2) -The morphological characters shall be determined and, 
described from growths obtained upon at. least one solid medium 
(nutrient agar) and in at least one liquid medium (nutrient broth.) 
Growths at 37°C shail bein general not older-than 24 to 48 hours, 
and growths at 20°C not older than 48 to 72 hours.. ‘To secure uni- 
formity in: cultures, in all cases preliminary cultivation shall 
practiced as described in the revised Report af the Committee on 

tandard Methods of the Laboratory Section of the American 
Public Health Association, 1905. 


(3) The observation of eultural and bio-chemical features 
shall cover a period of at least 15 days and frequently longer, and 
shall be made according to the revised Standard Methods abova 
referred to. AJl media shall be made according to the same Stand- 
ard Methods. 


(4) Gelatin stab cultures shall be held for 6 weeks to deter- 
mine liquefaction 

(5) Ammonia and indol tests shall be made at end of 10th 
day, nitrite tests at end of 5th day. 

(6) Titrate with a. NaOH, using phenolphthalein as an 


indicator: make titrations at same times from blank: The 
diference gives the amount of acid produced. 


The titration should be done after boiling to drive off any 
COs present in the culture. 


(7) Generic nomenclature shall begin with the year 1872 
(Cohn’s first important paper:) me 


Species nomenclature shall begin with the year 1880 
(Koch’s discovery of the poured plate method for the separation 
of organisms.) 


(8) Chromogensis shall be recorded in standard color terms,, 


TABLE I, 
A NUMERICAL SYSTEM OF RECORDING THE SALIENT. 
CHARACTERS OF AN ORGANISM. (GROUP NUMBER) 


100. Endospores produced 
200, Endospores not produced 
10, Aerobic (Strict) 
20. Facultative anaerobic 
30, Anaerobic (Strict) 
kK Gelatin liquefied 
2 Gelatin not liquefied 
0.1 Acid and gas from dextrose 
0,2 Acid without gas from dextrose 
0.3 No acid from dextrose eg 
0.4 No growth with dextrose 
01 Acid and gas from lactose 
02 Acid without gas from lactase 
-03 No acid from lactose 
-04 No growth with lactose 
-001 Acid and gas from saccharose 
-002 Acid without gas from saccharose 
003 No acid from saccharose 
004 No growth with saccharose 
,0001 Nitrates reduced with evolution of gas 


20002 Nitrates not reduced 
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d glossary are more extensive. Under brief characterization 
e record is to be made by -+ and 0 instead of + and —. The 
rd now provides for all of the observations which are commonly 
ade in connection with bacteria and many of the unusual ones. 
It is evident that the present card svstem of classification is 
e result of a steady and logical growth and the names of John- 
n, Fuller, Conn, Gage, Chester and Smith mark important stages 
its progress. While each of them added something of their 
m they brought much more from the experience of their asso- 
utes, building gradually the foundations of‘ the science of 
eteriology. 


CONSTANCY OF THE BASIS FOR THE GROUP 
NUMBER. 


While the group number, brief characterization and detailed 
scription, as previously described, are all important, the maxi- 
um weight attaches to the group number, since this is the basis 
on which the collections of cards are arranged. Any variation 
this number, in the case of strains of the same species, will 
parate the representatives of this species. . | 

As already stated the species selected for this study was 
seudomonas campestris (Pam.) Smith, a well-known, chromo- 
nic, plant pathogen; since with this species the question of con- 
mination could be easily settled. 

Variations in bacteria are sometimes ascribed to the differences 
sclimate and food in nature. In order to observe the result of 
ried climatic environments cultures were kindly provided by 
rot. S. A. Beach from Iowa, Prof. W. J. Morse from Maine, 
rof. F. L. Stevens from North Carolina and Dr. Erwin F. 
nith from Washington, D. C., in addition to a large number of 
ltures isolated.from widely separated points in this State. 
When the group number was determined in accordance with the 
rections prepared by the Society of American Bacteriologists 
e group number 211.3332513 was identical for all of these 
ltures. 
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Although difference in natural environment between points 
separated by more than a thousand miles was evidently not suffi- 
cient to affect these physiological reactions of this species it is 
conceivable that the vicissitudes of moisture and of food to which 
artificial cultures are exposed might be more potent in this con- 
nection. Accordingly comparisons were made between the group 
number of cultures freshly isolated from diseased cabbage. and 
that of cultures which had been long in cultivation in this and 
other laboratories. This observation of the effect of cultivation 
in this laboratory covered sixteen months. Some of the cultures 
had, at the beginning of this period, been cultivated for months 
if not years, while others had been freshly isolated from the dis- 
eased plants. 

The group numbers obtained for these various strains, with cer- 
tain exceptions to be later discussed, were identical, strongly in- 
dicating that artificial cultivation does not induce changes in: the 
group number of this species. | 

In presenting the results of this study the fact that there were 
some apparently discordant observations should not be over- 
looked. It is highly probable that the common conception of the 
variability of. bacteria is largely due to such discordant observa- 
tions which have not been traced to their true causes. 

In shipping cultures through the mail where they are exposed 
to the curiosity of the mail clerks, in the exposure accompanying 
the repeated transfer of stock cultures and in selecting typical 
colonies as a basis for stock cultures from plates, either in isola 
tion from diseased plants or in the revivifying process, there is a 
constant opportunity for contamination and mistakes in judg- 
ment. Only the most careful attention to details will detect all 
of these contaminations. 

In this study, including over 50 strains, there were five cases 
where the group number was determined for cultures which had 
the gross appearance of Ps. campestris in colony growths but a 
detailed study showed that they were not this organism. 
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There were two additional cases of discordant observations 
which could not be so easily explained. <A culture of our own 
isolation, strain 3, after being cultivated in the laboratory for 
eight months produced a faint acidity in fermentation tubes con- 
taining respectively lactose, saccharose and glycerin. Two months 
later this same strain, tested on cabbage in the green-house, pro- 
duced the typical black rot. <A culture reisolated from one of 
these diseased plants, strain 80, did not give the above anomalous 
acid reaction with lactose, saccharose and glycerin but gave ‘the 
typical group number. It was not possible to determine more 
closely the cause of. these unusual reactions with strain 3 since it 
had been accidentally lost. This may have been a true case of 
variation but the failure of the acquired fermentative ability to 
persist in the culture reisolated from the diseased plant would 
suggest that the original group number determination was con- 
fused by the presence of an undetected acid-forming contamination 
which was excluded by passing the culture through the cabbage 
plant. 

Acid formation was also observed with strain 65, which was 
isolated from diseased cabbage from Long Island. After being 
cultivated two months in the laboratory it was inoculated into 
cabbage in the green-house and gave no outward evidence of 
pathogenicity. On dissecting the plants a few blackened 
bundles were found close to the point of inoculation in one plant 
and reisolations from these bundles gave strain 98. A determina- 
tion of the group number of each strain now showed the formation 
of acid in the presence of dextrose, lactose, saccharose and 
glycerin with each, a reaction which is not typical of Ps. 
campestris. 

Immediately after these determinations strain 98 was inocu- 
lated into three cabbage plants in the field with the usual precau- 
tions, the inoculation being made through the base of a severed 
leaf, the point of inoculation being carefully covered with sterile, 
melted, grafting wax and suitable check inoculations being made 
on adjoining plants at the same time. ach of three plants thus 
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inoculated with strain 98 developed a well-marked case of black 
rot while the adjoining check plants remained healthy. The dis- 
ease began at the point of inoculation and was traced by the 
blackened fibro-vascular bundles into a large number of the leaves. 
Cultures made from these blackened bundles, several inches from 
the original point of inoculation, gave an apparently pure culture, 
strain 100. The group number of this strain was typical, ‘there 
being no evidence of acid formation from any of the sugars or 
from glycerin. 

From a superficial observation of these results with strains 65, 
98 and 100 one might conclude that here was an acquisition and 
later a loss of the ability to form acid, corroborating the observa- 
tions with strains 3 and 80. This view is strengthened by the 
retention of this acid-forming character after passage through 
one cabbage plant even though this ability was lost in pass 
through the second plant. 

A. careful study of these observations shows that the above idea 
has really little basis in fact and that these apparently discordant 
observations were probably due to unrecognized contaminations. 

The strongest evidence against the idea of contaminated cul- 
tures is the appearance of this acid-formation in two strains, 65 
and 98, the latter after the passage of the culture through a cab- 
bage plant. However, in this case there were no lesions produced 
except a blackening of the fibro-vascular bundles at the point of 
inoculation and the material for strain 98 was necessarily taken — 
from practically the point where strain 65 was inoculated. Rus- 
sell”? showed that even ordinary saprophytes are able to survive at 
the point cf inoculation in pane for some months so that in this 
case the survival of a mixed culture is neither impossible nor im- 
probable. On the other hand when strain 98 was inoculated into 
cabbage it produced an extensive disease so that the material from 
which strain 100 was derived came from a distant portion of 
the plant and the contamination present in the inoculating 
material was thus mechanically removed. 


25 Russell, H. L. Bacteria in their relation. to yeoouple tissue. | From 
Johns Hopkins Hospital Reports, 3: 223-263. 1893. 
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If we consider more closely the fermentation tube tests of 
strains 3 and 80 and strains 65, 98 and 100 it will be noticed 
that strain 3 did not form acid from dextrose while strains 65 and 
98 formed acid from this sugar. Also the formation of acid from 
various substances by strain 3 was not accompanied by any growth 
in the closed arm while with both strains 65 and 98 this growth 
was abundant under such circumstances. Thus if the ability to 
form acid is to be considered as an acquired characteristic of 
strains 3 and 65 it is evident that in the two instances this ability 
was acquired with regard to different sugars and further in the 
latter case the relation to oxygen was also profoundly modified. 
In strain 100, both of these modifications had been lost. 

Fortunately strains 65 and 98 were available for study although 
seven months had elapsed since the previous test. At this time 
strain 65 was less chromogenic although it gave the reactions 
with fermentation tube tests which are recorded for the original 
strain 65. On the other hand strain 98 was typically chromo- 
genic, did not grow in the closed arm of the fermentation tubes 
and did not form acid from the sugars or glycerin. The repeated 
transfers of the stock cultures had resulted in a pure culture of 
the contamination, which was a bacillus with the group number 
B. 211.2223532, on one hand and of the true Ps. campestris on 
the other. 

The observations on nitrate reduction were the occasion of 
some confusion during the earlier determinations. Where the 
cultures were tested for the presence of nitrites by the official 
sulphanilic acid method there was at times a faint reaction for 
nitrites which seemed more marked than the reaction obtained 
- from the control tubes. This method of detecting nitrites is so 
delicate that the nitrites ordinarily absorbed by the control tubes 
give a faint reaction. When a large number of control tubes were 
‘tested, the intensity of the color was not the same in all of the 
tubes, even when originally filled from the same flask of media. 
Accordingly when testing a large number of inoculated tubes with 
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a small number of controls it was probable that some of the in- 
oculated tubes would give a stronger reaction than the controls. 
A large number of ‘cultures were prepared, using all of the 


strains where nitrate reduction had been previously recorded, and — 


comparative tests were made, after the proper interval, by the 


official sulphanilic acid and by the KI—-H.SO,-— starch*® methods. | 


In these tests both the control tubes and a number of the inoeu- 
lated ones gave irregular results by the official method but in no 
case was there the slightest evidence of nitrite formation by the 
KI-H.SO,- starch method. Although the sulphanilic acid 
method is official it is evident that it is too delicate for satisfactory 


results where media are kept for a number of days in an ordinary © 


laboratory. 


It will be observed that this failure to reduce nitrates is not in 


agreement with the reaction indicated by the illustrative group — 


number of Ps. campestris as given on the official eard. However 
Dr. Erwin F. Smith” states that this number on the eard is a 


typographical error and not in accord on this point with any pre-— 


vious data. 

Varying results are to be expected in the test for the diastatic 
action of the organism on potato starch, since the official methods 
do not set time limits nor prescribe methods for making the test. 


In this study the cultures were made on potato cultures in large — 


test tubes, containing a supply of water and the starch test ap- 
plied after two weeks. For this purpose an alcoholic solution of 


KI-I was added separately to the water in the culture tube and — 


to the potato mass after crushing in water. A faint action on the ! 
starch is shown by a wine color in the water in the culture tube — 


where such action would pass unnoticed with the potato mass. 


= 


Naturally the extent of the diastatie action turns both on the age : 


and vigor of the culture used. The action was always well marked 
and often practically complete after two wecks. 


26 The details of this method are given by Smith, E. F. Bacteria in rela-— 


tion to plant diseases. Vol. I, p. 63. 1905. 
27In a personal letter. 
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CONSTANCY OF “BRIEF CHARACTERIZATION ” 
ITEMS. 


The present application of the Society Card to classification is 
primarily in connection with the group number. However, as has 


been pointed out by Bergey and Bates,* 


it will undoubtedly be 
necessary to extend this number to additional reactions before 
the group number will separate bacteria down to the groups which 
we ordinarily designate as species. In searching for suitable re- 
actions to be used in this connection attention turns first to those 
items included under ‘“‘ Brief Characterization.” Constancy im 
the xesults of tests with different strains of the same species is the 
important point in this connection and accordingly observations 
on many of the headings given on the card under brief char- 
acterization were made when the group number was being 
determined. 


The results of these observations are given in Table I. 


28 Bergey, D. H. and Bates, H. L. The numerical classification of bacteria. 
From the Univ. of Pa. Medical Bulletin. July, 1906. 
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These results are arranged in the order of the serial numbers 
of the strains, a positive reaction being indicated by +, a nega- 
tive by 0 and the lack of data by .. . 

Months in the laboratory.— It will be noted that determina- 
tions of strains 50-54 and 80-98 were made promptly after they 
had been isolated from diseased material. Accordingly these de- 
terminations represent Ps. campestris when showing the mini- 
‘mum effect of artificial cultivation. The maximum effect of such 
cultivation here shown is sixteen months in the ease of strain 19, 
Aside from the cultures which were obtained from other labora- 
tories and concerning the previous history of which little is 
known, the numerals in this column indicate the period during 
which the strains had been cultivated previous to having their 
eharacteristics determined. A second determination after an in- 
terval was made in the ease of strains 13, 16, 19, 31, 40, 50, 52, 
53 and 54. 

- Pathogenicity This was determined by inoculations from 
forty-eight-hour agar slopes into young, rapidly growing cabbage 
plants in the green-house, inoculating through the base of a severed 
leaf by means of a sterilized platinum needle dipped in the cul- 
ture, the inoculation being covered with sterile melted grafting 
Wax. Similar check inoculations were made at the same time 
Using the same sterile platinum needle and other untreated plants 
were also retained in connected with the inoculated plants in the 
‘green-house. The first evidence of disease usually appeared in 
about ten days, showing as blackened veinlets in the lamina of 
one or more leaves above the point of inoculation. In all of these 
tests no disease appeared in any of the check plants or in the 
untreated controls. There is a common impression that the 
Pathogenicity of bacteria toward plants is an extremely variable 
Matter. These results show only three failures of pathogenicity 
to manifest itself out of forty-one tests, notwithstanding the fact 
that a large part of these strains had been cultivated eight months 
or more before being tested. On the other hand it is true that 
the degree of pathogenicity is somewhat variable. Inoculations 
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were made in triplicate on the same day, using cabbage plants 
which had grown from seed sown on the same day, inoculating 
from agar slopes of the same age and composition. With some 
strains disease was evident in all three plants in ten days while 
others presented lesions only after three weeks. The basis of this 
variation is not yet recognized but probably lies in faulty 
technique, the cultures. not being brought to standard conditions 
in some particular before the inoculations are made. 

Indol.— Five strains are recorded as positive at a single exam- 
ination. Strain 52 was negative seven months later and evidence 
has already been presented to show that strains 65 and 98 were 
contaminated when tested. The indol formation has not been re- 
determined for strains 92 and 96. In no ease was there evidence 
of strong indol formation but with a number of other strains 
single tubes in the triplicate test gave faint indications of indol 
formation. The tests were made at the end of ten days by adding 
two drops of concentrated sulphuric acid and 1 ce. of a 0.01 per 
ct. solution of sodium nitrite to the culture in 1 per ct. pep 
tone water, taking the color reading at the end of thirty minutes. 

These results would indicate that the tendency to indol forma- 
tion is stronger in freshly isolated cultures and that a careful 
study of the causes of this variation should precede the adoption 
of indol formation as a basis of classification. : 

Casein peptonized.— The results are all positive since Ps. cam 
pestris is an active digester. The lack of a simple and accurate 
test of the beginning of digestion limits the usefulness of this 
reaction with many organisms. A search for such a test should 
include a consideration of both Hasting’s”® work and a chemical 
determination of the digestion products either with or without 
dialysis. ‘ 

Rennet and acid curd.— Milk was frequently digested by thie 
species without any apparent curdling. As acid was absent, 
except in a single instance, the curdling which occurred was at 


— 


29 Hastings, E.G. The action of various classes of bacteria on casein as 
shown by milk-agar plates. Cent. f. Bak. I, 12: 590-592. 1904. : 
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tributed to rennet. The distinction between rennet and acid curds 
-is not sufficiently clear cut to be of much value in classification. 

Liquefaction.— The liquefaction of agar, while not unknown, 
is so rare as to be of little use as a distinguishing characteristic. 
Liquefaction of casein has been already discussed. Gelatin was 
uniformly liquefied but the rate of action varied widely. This 
action is recorded in the group number. 

Uschinsky’s solution The solution used had the following 
composition : 


30.0 grams glycerin C,H;(OH); 
5.0 “ sodium chloride Na Cl. 
0.1 =“  ealeium chloride CaCh 
0.3 ‘“ magnesium sulphate Meso, 
6.0 ‘ ammonium lactate C(Ni17)3C,H.O; 
2.0 ‘ di-potassium phosphate KEELE Gs 
3.0 “ sodium asparaginate NaG. HO; 


1000 ee. distilled water 


Growth was evident with approximately one-half of the strains 
and slight multiplication undoubtedly occurred with at least a 
part of the remainder. 


Cohn’s solution.— This solution had the following composition: 


5.0: grams acid potassium phosphate a aMel yy. 
5.0 ‘ magnesium sulphate MgSO, 

10.0 “© neutral ammonium tartrate (NH,).C,H,0, 
0.5 “ potassium chloride KCl 


1000 ee. distilled water 


This solution was much less acceptable to Ps. campestris than 
the Uschinsky’s solution, growth being evident with only 11 
‘strains. When this determination was repeated with strains 31 
and 40 the growth did not appear showing that even with the 
Same strain the results were quite variable. 

This marked irregularity in growth in these two solutions of 
known composition does not favor the idea that the use of syn- 


40 


thetic media is the true basis for exact comparative work. There 
seems no escape trom the conclusion that there was some unrecog- 


nized factor which produced this variation and it is quite possible 


my is Ss 
Se 


that were this recognized constant results might have been ob- 


tained. 


Potato.— The starch was regularly attacked as described under 
group number. beyond the limit of the visible growth the sur- 
face of the potato was rendered gray. At one stage of the culture 


a white margin or halo was formed just outside of the line of 


growth and this is indicated in the table by -+. This was prob-— 


ably present in all cases but as this was a transient phenomenon 
it was not always recorded. The growth appeared quickly at 
20-30°C. and soon ‘became abundant in all but strain 98. Or.” 


dinarily the growth flowed from the potato to the bottom eh the ; 


container within ten days. 


(relatin stab.—Although this species is so strong an aerobe that 


growth does not appear in the closed arm of the fermentation tube ~ 


it uniformly takes place along the needle track. Surface growth 


is also always present. These two reactions, needle-growth and_ 


surtace-growth, are of little value for classification not because 
they are variable but rather because practically all species agree” 


in these particulars. 


(relatin plate.— In this division all of the strains agree in that ) 


‘ 


the colonies are round. While other forms of colonies oceur with 


a few species such species are very unusual. Moreover form of 
colony is so largely dependent on environment that it has little 


value for classification. 


Agar.— The results under this head are entirely accordant, the - 
cultures being yellow and shining. The color is a part of the” 


group number. While no confusion would arise with this species 


from the use of the surface appearance for classification other 
species would undoubtedly be found where the record on this 
point would depend largely upon the personal equation. 

Broth.— This species develops a finely granular turbidity andl 
later forms a sediment but the turbidity was not noted with 


a 
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strains 6 and 97 and the sediment was lacking with strains 84 and 
100. Ring and pellicle formation were very irregular, each ap- 
pearing with about one-half of the strains. 

These results would indicate that data of value for classifica- 
tion might be obtained from pathogenicity to plants, indol forma- 
tion, casein digestion, growth in Uschinsky and Cohn solutions 
and turbidity in broth. In all cases further study both of the 
technique of making tests and of the reactions of different species 
will be necessary before the relative constancy of these reactions 
can be settled. 

CONCLUSIONS. 


The present Classification Card of the Society of American 
Bacteriologists is the logical outeome of forces which have been 
at work among bacteriologists for at least fifteen years. 

This card offers a basis for classification which in convenience 
of application and in certainty of result surpasses anything which 
has preceded it. -In furnishing a form for recording and organ- 
izing a mass of observations it solves a difficulty which has fre- 
quently been the limiting factor in research. Intelligently ap- 
plied it is calculated to bring order out of chaos and thereby 
become a most potent factor in raising bacteriology to the dignity 
of a true science. 

_ When tested upon forty-four strains of Pseudomonas campes- 
tris (Pam.) Smith, the group number, as now constituted, gave 
constant results and did not break the species into smaller groups. 
Therefore so far as it applies to this species it is a satisfactory 
basis for classification. This study did not test the possibility of 
other species having this same group number. 

The qualitative variations and apparently discordant reactions 
which have commonly been attributed to bacteria are probably 
due largely to faults either in observation or in technique. Quan- 
titative variations are constantly met but these in turn are un- 
doubtedly largely due to lack of knowledge concerning the proper 
Tevivifying process to be applied before determining the culture 
characteristics. 
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TECHNICAL BULLETIN No. 14. 


THE FERMENTATION OF CITRIC ACID IN MILK. 
ALFRED W. BOSWORTH anp M. J. PRUCHA, 


SUMMARY. 
_ Citric acid, one of the normal constituents of milk, disappears 
during the souring of the milk. It is changed into acetic acid 
and carbon dioxide. Bacterium lactis aerogenes is the only one 
‘of a number of common dairy bacteria tried which has the power 
of bringing about this change when present in pure cultures. 


INTRODUCTION 


In September, 1908, while trying the method of Beau’ for the 
determination of citric acid in milk the following figures were 
obtained : 

Citric acid in fresh milk..... 0.21 gram per 100 ec. 

‘Citric acid in sour milk..... TARO! Lech Shain ie a oa 
In looking up the literature the following references were 
found: 
_ Thorp’s Dictionary of Applied Chemistry states that accord- 
‘ing to I. Macagno? citric acid disappears under the influence of 
bacteria, and acetic and propionic acids are formed. 
 Beilstein’s Handbuch der Organischen Chemie states that so- 
dium citrate and putrid flesh give carbon dioxide and butyrie 
acid; that calcium citrate and a piece of old cheese give carbon 
dioxide, hydrogen and acetic acid; that calcium citrate fermented 
with beer yeast gives carbon dioxide, hydrogen, acetic and butyric 
acids; that calcium citrate and calcium carbonate with the water 
4m which some hay has been washed give alcohol, acetic and suc- 
Cinic acids; and that citric acid is fermented by an extract of 


almond bran into carbon dioxide and acetic acid. 
ee 
@ 1 Rev. Gen. Lait. 3:385 2 Gaz. Chem. Ital. 11:443. 
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EXPERIMENTS. 


In order to repeat the first observations the following exper 
ments were tried. Some fresh milk was obtained, to it was add 
a small amount of starter to hasten the souring, and it was th 
kept in the warm laboratory and determinations made as note 
below. 


TABLE I.— DISAPPEARANCE OF CITRIc ACID IN SOURING MILK. 


Age Acidity of | Citric acid — 

RAMP LEC. in hours. | 199 ec. as N in 100 CC. 
HITSH CX PSLIMETMGs Liga sce ker cae epe aren roe ate ener 4 26.4 ce 0.224 
First 6xperinent, 2 ae aed oat ie ane LS 40.0 cc 0.224 g 
Fitst. experiment, 3:5 ycs. os > cnteteieie sar als, oe 28 | Curdled.... 0.224 
First experiment. 405)5 Joc sere. deveahe Ohana eaten 35 | Curdlede ia. 0. 
FITS CX PETIMIENT. to eres co aheteee eee weet ee ee 50 | Curdled.... 0 0 
Hifst experinient,.65:. Hass ie oe nena + eee 60 | Curdled..... 0.000 
SECON EXDSETIMIENT OLE o.ig.in ns socateine & hat ice odes 12 20.0 cc 0.199 g 
Second -expenmenty: once aa we wa ae Leepaet cites ee 36 84.0 cc 0.072 
Second eExpelments 3 tye .ce sewer nee wha ee ee 60 | Curdled.... 0.000 


ene 


To 500 ce. of the whey (from the last experiment) containing 
no citric acid was added about 2 grams of calcium citrate, 200 
ec. « NaOH and water to make up to 1,000 ec. Determina- 
tions of citric acid on this mixture gave the following results: 


Acidity of Citric acid 


100 cc. as 3 per 100 ce.” 


Whey + calcium citrate when mixed.... 20.0 0.117 ge 
Whey + calcium citrate 24 hours old... 30.0 0.000 a 


In order to determine whether the citric acid could be fe ; 4 
mented under conditions other than those presented in milk the 
following experiments were carried out. , 

In each of four flasks were placed 5 grams of calcium citra 
and 500 ee. of bouillon containing 1 per et. of lactose. T 
mixtures were sterilized and two flasks kept for checks. In 
each of the other two flasks 1 ec. of buttermilk was introduced. 
The flasks were shaken every morning and evening. It was no 
ticed that the calcium citrate in the flasks to which the butter- 
milk had been added was slowly going into solution, On th ; 
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twelfth day no insoluble citrate remained in the flasks. An exam- 
ination of all the flasks showed checks to be sterile, the calcium 
citrate being still on the bottom of the flasks as an insoluble 
powder. Upon distilling with steam after acidulating with” sul- 
“phuric acid, no volatile acid was found. The flasks to which the 
buttermilk had been added contained no insoluble citrate and upon 
testing were found to contain no citric acid in solution. Upon 
acidulating with sulphuric acid and distilling with steam a large 
amount of volatile acid was found which proved to be acetic acid 
by its forming acet-p-toluide, melting point 148° C. 

In previous work it had been noticed that sour milk always 
contained volatile acid and we at once thought of citric acid as 
the source of some of it. In order to show that the volatile acids 
in sour milk increase with an increase of citric acid content the 
following experiment was carried out: 

Some milk was divided into two portions; to one portion was 
added some calcium citrate, to the other nothing. The mixtures 
were allowed to stand fourteen days. When examined neither 
portion contained any citric acid. On acidulating and distilling 
with steam the following results were obtained: 

Meeeeeirom milk... .. 00.2... 100 ce. gave 32.3 ec. § volatile acid 
Whey from milk to which cal- 
cium citrate had _ been 

a) IS er ea 100 ce. gave 45.7 ce. N volatile acid 

The acid proved to be acetic acid by forming acet-p-toluide, 
melting point 148° C. 

In order to show that the acetic acid is derived from the citric 
acid and not from any of the other organic constituents of the 
milk a special solution was prepared. In this solution the citric 
acid was the only organic substance present as well as the only 
source of carbon. 

An attempt was also made, with this solution as a medium, 
to study the action on citric acid of some common dairy bacteria 
in pure cultures. 
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Solution used to study action of bacteria upon citric acid: 3 
Acid sodium phosphate (H,NaPO,). 7... 0a Gran 
Magnesium sulphate: (MgSO,).).. 2.3 is 5.0 aa 
Potassium chloride -CKG1) 243 9 om wee ee 0.5 =a 
Ammonium citrate solution*™..... os 50.0 2a : 
Witter to wagkets a vr.4 etn eee ee ea eee ye : 


As a preliminary experiment, to see if the solution as made 
would sustain bacterial life, some flasks containing some of the 
solution were inoculated with sour milk and others with starter. 
At the end of eight days all the citric acid had disappeared in 
both cases and an abundance of acetic acid was found to be present. 
It was noticed that a gas was being given off during the fermenta- 
tion. This was fee to run into a solution of barium hydrate 
and found to be carbon dioxide. "3 

Flasks were prepared containing 600 cc. of the solution, ster 
lized and inoculated with bacteria as noted in Table II. After 
standing twenty days they were examined. Those found to be 
pure cultures were tested. Results are noted below: 


TABLE II.— EFrrect on Citric AcID ON GROWTH oF DIFFERENT BACTERTA. 


AS RS 


NAME. Group No. Action. 
Bact. (ACEESIOCTOGCTIES Roe Oe 222.1113021 | Citric acid completely broken dom : 
ee PCT Gi acen sus tote al Rea tae k iter cee eee Hs 222, 2222000 Ne action on citric acid. 
e ss ESD ISH eh Tia MERE RD EA oer as Z2e Leone aoe 
sy CAEN RM ME yy ree Rte th a 222, 2222034 < 4 3 ot * 
‘ So LLCLUEPCULTIY LLibcae mictieats Ras 222 . 2322533 ie - 2 ¢ oe 
o “ ice Tyee ira Ae te ty Sin ay 222 23 2b a8e - = re af e 
STE LACHOUS HOR ee ee ee 222 . 2222033 a ‘ « : " 
e E See eetagn chest aaa Cola ork SRR eS 222) -2222033 = e = fs 
s ec Ramiele | so, PRR Se nuene ya natal tane QA PEL SO WS te if a 
LOGS CLLPRCUS eee es 21A 2293523 B ve ie 3 S: Pe 
MicrOCOCCUS TACs VATIONS wo) anos Sele 2182223522 ot a eae we = 
; = eter aie, Se ae aT FAD 22 23533 . s : ao i - 
Cheeks ecko ea ae Ned Son ce a eer ec ae as i ¥ ff fe rae 
= 
2 
» 


* The citrate solution used is the one used for the determination of citrate-soluble phos-— 
phoric acid in fertilizers. (Bulletin 107, revised. Bureau of Chemistry, United States 
pater of Agriculture, page 1.) Fifty ec. of this solution will contain 8.457 grams of z 
citric aci 

t All these cultures of bacteria were isolated from cheddar cheese. The duplicate cultures 
in the table were different strains of the same type. 

The names of the cultures were adopted from the ‘‘ Classification of Dairy Bacteria,” 
H. W. Conn, W. M. Esten and W. A. Stocking. Ann. Report, 1909. Storrs Agneutural 
Experiment "Station, Storrs, Conn. 
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Of the bacteria used, Bact. lactis aerogenes was the only one 
which fermented the citric acid. In order to determine the 

amount of acetic acid produced by this germ five-sixths of the con- 
tents of two flasks, each equal to 500 ce. of the original solution, 
were distilled with steam, after acidulating with sulphuric acid, 
until no more acid distilled over. This acid was found to be acetic 
acid by forming acet-p-toluide, melting point 148° C. The 
amounts distilled over were equal to 40.8 ec. normal acid in one 
ease and 44.0 ce. in another. 

Of the original solution 500 cc. contains 4.2285 grams of citric 
acid. If one molecule of citric acid yields two of acetic acid we 
should recover 122 or % of the citric acid as acetic acid. Calculat- 
ing the figures obtained from the distillates as acetic acid we have 

2.448 grams in one case and 2.64 grams in the other. Five-eighths 
Of 4.2285 is 2.6428. 

The ability of these same organisms to attack the citric acid in 
milk was tested by adding them in pure cultures to flasks contain- 
ing sterile milk. After two weeks at room temperature the citric 
acid had entirely disappeared from the flasks inoculated with 
Bact. lactis aerogenes but it apparently had not been attacked in 
the flasks containing the other organisms. 

The action of Bact. lactis aerogenes, of Bact. lactis acidi and 
the mixed flora of buttermilk, upon the citric acid normally 
‘present in milk as well as citric acid when added in the form of 

ealcium and ammonium citrates is shown in Table III: : 


TABLE JII.— CiTric Actip Not CHANGED By Bact. lactis acidi. 


———_—_ 


Flas HOW : Action on 
No. | INOCULATED. Medium. citric acid. 
x 
m= 1. | 1 cc. butter milk . 600 ec. milk + 5 gr. calcuim citrate... + 
m2 | 1 ce, af ..| 600 ec. skimmed milk + 10 cc.ammonium citrate + 
3 Bact. lactis actdy.* PPG) GC. THAT Keates wR Moa wens st bye ene, Pore ee 0 
4 pis GUO> Ce, Maik 10 cc.ammonium citrate 0 
5 * « Cet ee GOOTeen.. “ 5 gr. caleuim citrate. 0 
. 6 . g “ ....{ 600 ec. skimmed milk 5 gr a ine a, eee 0 
mumeac, lactis aerogenes.) G00 cc. milk = eer cee pce ete san + 
8 z % a 600 cc. “ + 10 cc.ammonium citrate + 
9 “2 : é 600 cc. milk + 5 er. calcium citrate. + 
10 § “ “ 600 ce skimmed milk + 5 er. : = 


nt Te Tee ee ee 
——— 


:. Re gouture was the predominating germ in the butter milk used for inoculating bottles 
wo 
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After standing fourteen days an examination showed the bottles 
to be pure cultures with the exception of 1 and 2. These con- 
tained a miscellaneous growth. The citric acid, in the bottles 
to which had been added the buttermilk and Bae. lactis aero- 
genes, had all been fermented and an abundance of acetic acid vi 
found. : . 

It will be observed that the citric acid has been broken down 
in the presence of pure cultures of Bact. lactis aerogenes and a 
mixed culture from buttermilk. | = 

Since Bact. lactis aerogenes is not to be expected in carefully 
made starter for butter making it would seem that the decomposi= 
tion of the citric acid may be accomplished by other agents.’ , 

In the process of cheese making the citric acid all disappears 
before the cheese is put in the press. One cheese examined gave 


the following results: S 
Milk used contained........ ‘0.203 gr. citric acid per 100 on 
Whey when drawn contained. 0.118 2 - " 

First whey from press con- 
(RYH es Ste eee 0.000 of tf : —- 
Curd when whey was drawn bs 
Banteliede oso niesaas ah trace 
Curd when put in press con- a 
THINOOY ire eee sia 2s ie 0.00 . 
CONCLUSIONS. | 5 


1. During the spontaneous souring of milk the citric acid in it 

was ne into acetic acid and carbon dioxide. ~ 4 

. Starter and buttermilk contained some agent capable q 
binging about this change. 

. Of the several common dairy bacteria tried, Bact. lacks 
aerogenes was the only one found to have the power or fermenting 
the citric acid. 2 

4, Citric acid when fermented by Bact. lactis aerogenes gave 
two molecules of acetic acid for every one of citric acid. 
5. During the process of cheese making, and before the curd 
was in the press, the citric acid was all fornenem a 


The search for the specific ace possessing this ability was not continued beyond : 
point as one of the authors (M. J. P.) was to be absent from the institution for a year. 
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MEDULLARY SPOTS: A CONTRIBUTION TO THE LIFE 
HISTORY OF SOME CAMBIUM MINERS. 


J. G. GROSSEN BACHER. 


SUMMARY. 


While studying a disease of currants in the Hudson Valley, 
dark streaks, which appear as spots in cross section, were often 
found in the canes. It soon became evident that they were due 
to some miner. The casual insect-larva and its adult or perfect 
form were finally secured during the past summer. The miner 
proved to be the early stage of a tiny moth belonging to a group 
nene of the larvz of which had been found before. 

Somewhat similar larvz were found mining under the bark of 
both wild and cultivated species of plum and cherry, and some 
hawthorns. They hibernate under the bark and therefore their 
adults can not be obtained until next summer. What seem to be 
members of this group of miners have been obtained and de- 
scribed before, but their adult forms were not secured and ‘conse- 
quently it is impossible to say, as yet, even though they were 
Said to belong among the flies, just where they belong. 

The economic relations of these insects may prove of some 
importance, for the currant miner has been shown to afford 
entrance to a fungus which is thus enabled to kill gooseberry 
shoots. Direct injury to currants and gooseberries is probably 
not very serious and of course the direct injury to plums, cher- 
ries, etc., by other cambium miners is no doubt even less, because 
the mines are so small when compared to the size of the plants. 

[49] 
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INTRODUCTION. 


In making a rather detailed life-history study of a fungus 
which causes a blight of Rubes vulgare dark-brown streaks were 
commonly observed in living young canes during late summer, 
Streaks or mines of the same type were also found in R. migrum 
and &. Grossularia. No causal insect was obtained during the 
first few seasons, but some literature on somewhat similar streaks 
occurring in various trees was finally found. During the past 
summer causal insect-larvee were secured from both Ribes and 
trees, but the Ribes-miners differed much from the tree-miners, 
though superficially they appear similar. Those from Ribes 
proved to be caterpillars of a tineid moth and were identified by 
A. Buseck as Opostega nonstrigella Ch. Since no larvee of the 
genus Opostega had been known, these observations may lead to 
further discoveries. ‘The tree cambium-miner seems to be of the 
type found described in some botanical literature. However, their 
imagines have not as yet been obtained; and though Ratzeburg 
and others have suggested that they are tipulids, they probably 
belong elsewhere. | 


A HISTORICAL VIEW OF MEDULLARY-SPOTS AND 
THEIR CAUSE. | 


Th. Hartig? found what he called cellular-channels usually — 
present in the wood of Betula, most often extending from the 
roots 1.2 —1.5 m. up the trunk. He observed fewer of them in — 
Corylus and Alnus. The streaks were composed of thick-walled — 
porose, starch-bearing cells and brown masses of an unknown sub- — 
stance which was said to be insoluble -in both water and alcohol. 
Plate IV, figure 3 is a reproduction of his illustration from a 
cross section of Alnus mcana. 


1 Hartig, Th. Vollstindige Naturgeschichte der forstlichen Culturpflanzen — 
Deutschlands, pp. 228, 326 and 336. Berlin: 1851. 
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In 1853 Ratzeburg® -received, from Russia, some wood from 
thirty-year old birch trees which had these channels in practically 
every year’s growth; and also some insect larvee which had been 
found under their bark and suspected as the cause of the mines. 
Upon. examination Ratzeburg provisionally named the larve 
Tipula suspecta though he thought it improbable that the mines 
had been made by them. Drawings made from the birch wood 
are reproduced on Plate IV, figs. 7 and 7a. 

In a very brief, critical review of some lterature on medullary- 
spots, by de Bary,® the most striking histological characteristics 
are given and it is held that they are simply local hypertrophies 
of medullary rays. The review is perhaps based principally on 
Kraus’ comparative histological work on the subject.* 

These spots have also been made use of by several writers 
as one of the specific characters to distinguish the wood of forest 
trees.” 

Cambium miners the cause of medullary-spots.— Perhaps 
the most important and complete discussion of the literature, 
cause and development of medullary-spots is given by Kienitz.® 
The making of his key to distinguish woods by these spots 
led him to study the matter more in detail and as a result 
some pertinent objections to viewing them as normal structures 
became evident to him. He found, as had some preceding him, 
that the spots were confined mostly to the basal part of stems and 
were not present in all trees of a species nor always in every 
year’s growth of a tree which has them. These irregularities and 
the characteristic histology of a medullary-spot, with the more or 


2Ratzeburg, J. T. C. Waldverderbniss 2: 228-29. Berlin: 1868. 

3de Bary, A. Vergleichende Anatomie der Vegetationsorgane der Phaner- 
ogamen und Farne, pp. 507-8. Leipzig: 1877. 

4Kraus. Bau der Nadelhélzer. Wiireburger naturwissenschaftliche Zeit- 
sehrift, vol. 5. ) 

5Hartig, R. Die Unterscheidungsmerkmale der wichtigeren in Deutschland 
wachsenden Hélzer. Miinchen: 1879. 

Kienitz, M. Schliissel zum Bestimmen der wichtigsten in Deutschland culti 
vierten Hélzer. Munchen: 1879. 

Nordlinger. Anatomische Merkmale der wichtigsten deutschen Wald- und 
Gartenholzarten. Stuttgart: 1881. 

6 Kienitz, M. Die Entstehung der Markflecke. Bot. Centbl. 14: 21-26, 
56-61. 1883. 
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59 : 
less structureless brown line separating it from some adjoining, 
normal wood tissue, and the total lack of any radial arrangement 
of its cells, lead him to infer that they were not developed from 
the cambium in a normal manner. Finally, the finding of 
insect-larvee in fresh mines under the bark of some species 
forced him to the conclusion that medullary-spots of various 
deciduous trees are occluded channels which had been mines in 
the cambial cylinder by insects, 


The larvee were found in Amelanchier, Sorbus, Salix and Betula 


and were considered to be the same species because they were 


indistinguishable. The eggs were thought to have been laid singly 
in or on the bark from which the filiform larve mined ground- 


ward, increasing but little in diameter but much in length. After 


making one or more return trips of various lengths up and down 
under the bark they attained a length of 2—8cm. before boring 
their way out through the bark to pupate in the ground, where it 
is supposed the winter is passed. An observed exit of a larva 


is shown in Plate V, fig. 4a. Though the larve from Salix 


shoots entered moist sand, into which the twigs were stuck, no 
imagines emerged. Some of the preserved miners were submitted 


to Gersticker for identification, and he reported that they were 
undoubtedly dipterous larvee. Only one brood was found, and 
but one set of channels was observed in the wood of any year’s 


growth. 


The mines were found to be very small and cylindrical at their 
beginnings and, as the miners advanced, to increase gradually in 
both their radial and tangential diameters; though the former 
never exceeded that of the larve much, the latter were often 
several times greater, by the time the miners neared the end of 
the larval stage, as shown in Plate V, figure 2, which is copied - 
from Kienitz’s illustration. The medullary-spots were found 
present in species of Alnus, Betula, Corylus, Salix, Sorbus, | 


Crategus and Prunus. 


The configuration of channels varied, but yet the mines were 
essentially the same. In all observed cases the first mining 
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‘seemed to have been groundward some distance, and then, after 
facing about in the unwidened mines, the larve veered to the 
right or left, mining return channels upward 20—380 cm. or more 
and often nearly parallel to the downward channels, when similar 
returns are made downward. The length of the narrow end-turns 
usually exceeded the length of the larvee but little, as shown in 
figures 2 and 3, Plate V. It seemed that the number of returns 
made and the distance between them depended upon the amount 
of available food encountered. As stated before, and as may be 
seen from the illustration cited, the channels increase in size as 
larve get older, especially in tangential diameter and therefore 
in cross-section the smaller, narrower spots are found nearer the 
beginning and the larger, wider and more crescent-shaped ones 
nearer the end of a year’s growth. (Plate V, fig. 8.) However 
the quantity of food available also seemed to influence the tan- 
gential diameter. 

KGenitz thought that the larve use their hook-like mouth parts 
to rupture cells and then devour their contents, and in advancing 
push aside the walls of the ruptured cells and thus form channels. 
The histological modifications which follow were studied in a 
Salix shoot containing a nearly full-grown larva. Three medullary- 
spots were found in a cross section taken from the twig near the 
anal end of the miner; the smallest spot was near the pith and 
the largest one in the cambial region, as shown in figures 7 and 8 
on Plate V. Since cambial activity continues unchecked on both 
sides of a mine its radial diameter increases after the larva has 
passed. But some uninjured cells on the cortical side of a chan- 
nel soon proliferate, bladder-like, into the cavity and also. re- 
generate a bridge of normal cambium across the gap. The bark 
ray-cells were found the most important and almost the exclusive 
regeneration centers, though cortical parenchyma and wood ray- 
cells were also observed to take part in the process. The discolor- 
ing cell fragments and frass were compressed into irregular brown 
masses by the rapid growth and division of the regeneration cells. 
The growth-pressure in the occluding channels became sufticient 
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to produce compressed irregular-celled “ medullary ” tissue with 
thickened, pitted walls, which contained starch in abundance. 

For some unknown reason these observations by Kienitz re- 
mained unfinished and became obscured; neither botanists nor 
entomologists seem to have paid much attention to them, and as 
a result some unfortunate errors developed. WHaberlandt* says 
that medullary-spots are to be ‘considered primarily as storage 
tissue because they contain starch and tannin; while Sorauer,® 
though giving some prominence to Kienitz’s work, treats the 
matter under the general head of injurious or sub-optimal 
temperatures. 


A CAMBIUM MINER OF RIBES. 


DISCOVERY AND STUDY. 


Introduction.— During late summer of 1907, large numbers of 
rank-grown currant shoots (ibes vulgare), in some regions of 
the Hudson River valley, had their distal portions defoliated 
while other leaves were still green. Many such shoots were found 
to have pairs of more or less parallel dark streaks in the outer 
wood, extending lengthwise the canes from 7-—-18 cm. Upon eare- 
fully removing all of the bark and outer wood to the full length 
of a pair, they were found to form one continuous line which had 
well-rounded turns at both its distal and proximal ends. The 
distance between such a pair of brown streaks generally varied 
from 2—7 mm. and the diameter of a line was about .7 mm. [It ~ 
seemed that a very slender mine had been made in the cambial 
region and that the adjoining meristematic tissue had proliferated - 
cells into the channel, which became dark colored. (See Plate I, 
fig. 1.) No insect was found in the streaks during the first 
season. : 

These observations were repeated earlier in 1908 and 1909, — 
but no insects were noticed in the mines. However it was found 


7 Haberlandt, G. Physiologische Pflanzenanatomie (4te Aufl.), p. 606. 
Leipzig: 1909. 

8Sorauer, P. Handbuch der Pflanzenkrankheiten (3te Aufl.), 1: 611. 
Berlin: 1909. ; 
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that in some places as high as 10—60 per ct. of the currant canes 
contained one or more of the mines and that older, diseased or 
blighted plantations and others adjoining them, had a much 
higher percentage of their canes mined than plantations which 
were young and scattered. In certain regions of this State, where 
curtant patches are few and small, no mined canes were observed. 

Discovery of the causal insect— On May 17, of this year, the 
bark was carefully removed from large numbers of vigorous cur- 
rant shoots in a blighted plantation near Milton, N. Y., and, 
though no mines or discolorations were found under the bark, 
finally a very tiny, brown point which proved to be the head of 
a thread-like larva with a whitish body, was observed on the 
greenish-white surface of a decorticated shoot. It was compara- 
tively easy to find anywhere from one to five larve in at least 
50 per ct. of the shoots in that particular plantation, after once 
their appearance was known. The largest larvee were found min- 
ing under the bark of the former season’s growth and especially 
across the transition of last year’s to this year’s growth, while 
those found farther up (distal) were much smaller and probably 
younger, some being but little over 8 mm. in length. The mines 
of the largest larvae had browned sufficiently to be readily traced, 
but those of the smaller ones were not discolored and therefore 
were not visible even with a lens. 

A few days later great numbers were found in a large and 
rather crowded plantation, of Ribes vulgare, R. nigrum and R. 
Grossularia, planted among fruit trees, in Rochester, N.Y. By 
making cross-sections of 2 to 5-year old canes it became evident 
that they all had been mined more or less each season, as the 
presence of a pair of dark spots in the different annual wood- 
rings indicated. Many of the large Rk. nigrum bushes had the 
larvee present in 85—95 per ct. of their canes, while Rk. vulgare 
and Rk. Grossularia in about 40—65 per ct. But in some parts of 
the plantation R. nigrum seemed to be entirely free from cambium 
miners, and the other species had but very few. 

Obtaining pupe and imagines of the Ribes miner.— On June 
8, a large bundle of R. vulgare and R. nigrum canes from the 
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Rochester plantation were stuck into a box of sterile wet soil and 
put inside a cheese-cloth cage in one of the Experiment Station 
greenhouses. Ten days later the larve in the Rochester planta- 
tion seemed to be about full-grown and therefore, after replacing 
the top 5—7-cm. of soil about them with soil obtained 5—7 em. 
below the surface from between the rows, cheese-cloth cages were 
built about two bushes of 2. nigrum iand one of R.-vulgare. 

No larvee were found in any of the species of Ribes on June 
28; however a more or less crescent-shaped hole, closed by a dark 
plug in currants but left open in many gooseberries, could always 
be found near thé proximal turn of a mine, opening from the 
channel to the exterior through the bark. (See Plate II, fig. B 3). 
On the following day, it was found that the few larvee which sur- 
vived in the dying canes put into a box of soil had also come out, 
but they were lying on the surface of the wet soil, dead, making it 
seem probable that they pupate in the ground but that this was too 
wet for them. On July 2 no insects were seen in the cages at 
Rochester, but about fifteen brownish, seed-like cocoons, obtained 
by sifting some of the surface soil, from within a cage about a 
L. nigrum bush, were finally collected into a vial. <A lepidopter- 
ous pupa and the cast skin of the cambium-mining larva were in — 
each of a number of cocoons opened. Eight-days afterward only 
empty cocoons were found in the soil and all but one of the cocoons 
remaining in the vial were vacated but the last larval moult with 
its characteristic head markings was found in them. The vial 
contained a few living and a number of dead tineid moths. But 
no moths were found during the day time, either in the remain- 
ing cages or out among other currant bushes. Since the cocoons 
always contain the last moult, and were also found abundant under 
uncaged Ribes plants, the connection of the larval with the imago 
stage is convincing even without the precautions taken in the 
preparation of the cages as described above. 2 

Summary of facts found about the life history.— From these- 
observations it seems probable that the eggs are laid in or on the 
bark of Ribes from about the last week of April to nearly the 


PLATE I.— Ribes vulgare SHOOT CONTAINING OPOSTEGA LARV. 
Two small larve were found in it, May 17, 1910, one distal to the other. 


PLATE II.— WorK AND APPEARANCE OF Opostega nonstrigella Cu. 


1. Ribes vulgare twig with a complete distal channel and a portion of a 
proximal one. 


2. Dorsal and lateral views of a larva, 12.5 mm. long. (Camera lucida 
drawing.) 

3. Cocoon. 4. Ventral view of moth. 

5. Dorsal view. 


PLATE III.— Funeus INFECTION FoLtLow1ne OpostecA TUN- 
NELING IN RIBES SuHoots. 

Fungus apparently entered holes left by larve of Opostega 
nonstrigella on their exit from tunnels in shoots of Ribes 
grossularia, 

(See detailed explanation on back of Plate V.) 
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Prate IV.— Cross SECTIONS or StEMS SHOWING OccLUDED MINES. 
1. Section of Ribes nigrum shoot with an occluded Opostega nonstrigella mine, m 
about 53 diam. 
3. Section of Alnus incana, showing an occluded mine, copied (same size) from Hart 
7 and 7a, Sections of birch, showing occluded mines, copied (same size) from Ratz 
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PLATE V.— CHANNELS IN SorBUS, BETULA AND SALIX, WITH CAUSAL LARVE. 
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(See back of Plate.) 


PLATE III, continwed.— A, All shoots with recurved distal ends are either 
dead or have each a dead section (as shown in C) somewhere between the 
ground and their wilted tips. 

B. Shoot enlarged, showing (1) a mine or streak in its living distal part; 
(2) a dead section or region, and (3) an exit-hole of the yarva. 

C. A similar shoot with (4) living, normal pith and (5) discolored, dead 
pith. 

PLATE V, continued.— 1. Cross section of Betula pubescens stem, showing 
numerous medullary spots in its different annual growths. 

2. Decorticated shoot of Salix rubra with a streak of a larva (said to be 
dipterous). 

a. Starting point of the streak; b. first turn; ec, second turn, and d, head 
of *%4-grown larva in its channel in the cambium (natural size). 

3. Basal end of Sorbus aucupama stem, with proximal end-turns of three 
channels. Medullary spots in its cross section (natural size). 

4, Shoot of Salix rubra. : 

a. An emerging larva; b, an exit-hole; ¢, cross section of the channels 
(medullary spots). 

5. A larva (said to be dipterous) which is about half grown. 

6. Head of a similar larva. 

7. Cross section through the younger wood and cortex of a Salix rubra shoot 
with part of a recently-made channel, showing the beginning of regeneration; 
a, frass. 

8. A later stage in which regeneration has made marked progress, showing 
proliferation occurs from the cortical side and from the medullary rays of the 
wood. A completely occluded mine, by the same larva, occurs deeper in the 
wood; a, and b, hgnified cortical cells. 

9. A fully occluded, somewhat crescent-shaped channel. 
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middle of May, and that the larve mine in the cambial cylinder 
about four to six weeks or till about June 18 to 28; while the 
pupal stage is passed in the ground and seems to last about two to 
three weeks, ending by July 10. The reason for assuming that the 
eggs are laid on Ribes in spring rather than the preceding season 
is that the larve are present in the cambium of both the older 
canes and that of spring shoots. Those mining in older 
eanes or across the transition from last season’s to the spring 
growth, were always found to be larger during May, than the ones 
having mines wholly in this season’s growth. In fact, about the 
middle of May, the larve near the distal end of this season’s 
growth were smaller and seemed younger than those nearer its 
proximal end. The inference seems to be that oviposition begins 
on the older canes shortly before the new shoots develop, i. e., dur- 
ing the latter part of April, and continues till nearly the middle 
of May; because on May 17 some larve were found which 
measured only about 3 mm. in length. It seems inprobable that 
the eggs, from which the larve in spring shoots develop, could 
- have been laid in the buds of the previous season, because there 
are frequently two or more mines on a season’s growth, one 
distal to the other, and each forming a complete and continuous 
channel of its own. (See Plate II, fig. 1.) Now, since neither 
larvee nor new mines were found in Ribes after the middle of 
July, it seems necessary to assume that the imagines which emerge 
during June and July, live through the winter, unless some live 
pupe remain in the ground over winter so that some imagines 
would emerge the following spring. Chambers’ observed such a 
bitypic life-history in some species of Lithocolletis, another tineid 
genus, and like phenomena are known to occur in other Lepi- 
doptera. However only empty cocoons were found in the ground 
during August. A very remote possibility is that a second brood 
feeds in the cambial cylinder of some species of plants which 
continue their cambial activity during late summer. 


9Chambers, V. T. Annual address of V. T. Chambers, esq. Journ. Cin, Soc. 
Nat. Hist. 2:89. 1879. 


58 


Observations on the mines and streaks.— Eggs were not seen, 
but, about the middle of May, many small, young larve were 
found in the cambium of young shoots. After progressing 7—20 
cm. toward the tip a fairly regular, semicircular turn is made 
which brings the cambium-miner parallel, and headed opposite 
to its former course. The distal-turn may be either clockwise or 
counter clockwise, but the basal-turn is always made in the same 
wise as the distal one, so that a continuous channel results having 
its pair of long runs more or less parallel and with similar end- 
turns. (See Plate IT, fig. 1.) By the time a larva arrives at its 
starting point the meristematic cells about its former mine seem 
to have proliferated into the channel sufficiently to afford suitable 
food, because it remines and enlarges its former tunnel; except 
occasionally one makes what seems to be its second’ distakturn a 
few millimeters short of its first one. It appears that after a 
larva makes from 2 to 244 rounds it emerges to pupate in the 
ground beneath. The crescent shaped exit-hole was always found 
nearer the basal than the distal turn of a mine, and generally 
within one or two centimeters of the former. The exit was some- 
times made before but more frequently after the basal-turn had 
been passed. Often a slight lateral deviation from its former 
channel was found to have been made by a larva when burrow- 
ing its way out, thus recording the direction of its course 
through the mine. As may be inferred from the above, at the 
end of a growing season the proximal portion of a channel is 
always found in the older part of the annual growth, and there- 
fore more deeply buried than the distal part. The mines occur 
in the wood of both old and young Ribes canes and may be found — 
anywhere from the tip to the ground. However, in R. mgrum 
they are most common in one year old wood while in R. vulgare 
and R. Grossularia the current season’s growth seems to have 
them in greater numbers. 

The economic relations of the Ribes miner.—It is impossible 
to state accurately the effects that numerous Opostega-mines 
have on the different species of Ribes but it seems likely that 


they may sometimes be of considerable economic importance, both 
by direct injury to the plants and by affording entrance to other 
harmful agencies. When dead side-spurs or withering leaves are 
found to have channels passing around their bases, death may 
be attributed to the mines, but when P. vulgare canes are found 
defoliated prematurely during late-summer, and contain one or 
more of these mines while undefoliated ones are less mined, the 
conclusion is not so obvious. However, slender branches having 
one or more mines crossing the transition region of the past year’s 
tc the new growth or a mine making its distal-turn just back of the 
new terminal bud, are no doubt injured by the channels. The 
transfer of water is probably hindered more or less by these 
streaks. It has often been noticed that some stunted plants of 
L. vulgare have uncommonly many and closely crowded mines, 
but of course it can not be said whether they cause the stunting 
or whether slow growth causes the mines to be so close together. 
But however detrimental to Ribes plants the mining, as such, 
may eventually be shown to be, the secondary or indirect effects 
may also prove of economic importance, as illustrated by the fol- 
lowing observations. 

Shortly after the larve left R. Grossularia perhaps 15—50 per 
at. of the mined shoots wilted and died, as shown in Plate ILI, 
fig. A. <A wilting shoot was always found to have a band of 
dead bark surrounding it just proximal to the wilting part. When 
wilting of a tip first becomes noticeable the wood and pith under 
its dead or dying girdle of bark may be but slightly discolored 
though it soon dies throughout and turns dark, while its distal 
portion is still green. Every dead region was found to be about the 
basal end-turn of a mine, and had a ercscent shaped exit-hole 
of an Opostega larva near its middle, as shown in Plate III, fig- 
ure B 3. In many eases salmon-colored, dipterous larvee, about 
38—4 mm. long, were present under the dead bark, but in every 
ease there was a fungus in the discolored wood and pith. (See 
Plate IIT, fig. C 5.) Since the fungus was found present in every 
wilting or dying shoot examined, and the salmon-colored larve in 
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only part of them, it seems probable that the fungus may be the 
cause. However, mycelial inoculations, from pure cultures of the 
fungus, were negative except in some cases when placed into 
fresh, sterile wounds. The majority of the wound-inoculations 
were ineffective, but some produced canker-like discolorations, and 
about a tenth of them resulted in the typically discolored, dead 
regions and the dying distal parts. But in every case the holes 
left by the Opostega larvae seem to have been the vulnerable points, 
for neither the dipterous larve nor the fungus were found in 
other shoots. In the currant growing region of the Hudson 
River valley a destructive fungus disease* is quite common and the 
causal fungus could not be successfully inoculated except in fresh 
wounds. But even though the mined canes were generally present 
in blighting plantations, no definite interrelation was found be 
tween them. It seems possible that cultivation about the bushes 
during the early part of the pupal stage may kill the insects. 


DESCRIPTION OF THE RIBES CAMBIUM MINER. 


The larva is a long, cylindrical, whitish caterpillar with brown, 
rib-like thickenings forming a pair of long-ovate loops on each 
side of its head which are fused along the lateral lines and with 
their narrowed anterior ends form an irregular, incomplete circle 
about the mouth-parts. In the later stages the posterior part of 
the head-skeleton is covered by a forward-protruding fold from the 
thorax. Each segment has a whorl of bristle-like hairs and every 
body segment, except the posterior three, has a narrow band of 
densely set, short spines; the longest hairs are about 0.6 mm. in 
length and the spines about 0.015 mm. The head and most of 
the thoracic hairs project cephalad and all others point caudad. 
In moulting the skin breaks at the posterior thoracic segment and 
its two parts slip off in opposite directions. Traces of two pairs 
of thoracic legs are visible in the older specimens, but neither 


*A good general description of this disease is given by F. C. Stewart, in 
Bulletin 167 of this Station, pp. 292-4. (1899.) 
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hairs, spines nor legs are present in early stages. When devoid 
of cheetopharous appendages the larvee look suggestively like those 
of some Diptera, as evidenced by the fact that a specialist on that 
group, to whom some were submitted, stated that they “ evidently 
belong to the Mycetophilide”. But on closer examination the 
mouth parts are found to be those of a caterpillar rather than of a 
maggot. About the middle of May the larve measured from 3.25- 
11 mm. in length and from 0.15—0,.5 mm. in diameter; they were ~ 
at no time found to exceed 13 mm. in length. The ratio of length 
to diameter varied from twenty-one to twenty-four; it does not 
vary as much as Kienitz observed in the larve found in Salix, 
ete. 

The cocoon is flatish-ovate, closely woven, creamy to brown 
in color and measures about 4.5 x 2.6 mm. The imago emerges 
from the smaller or abdominal end. 

The moth was described by Chambers’? as follows: ‘ This ap- 
. pears to differ from O. 4-strigella, Cham., only in the absence ot 
the four costo and dorso apical streaks. The stalk of the antene is 
sordid stramineous; the eye caps, head, palpi, thorax and fore- 
Wings are white. It has the oblique fuscus spot on the dorsal 
margin of the fore-wings, the fuscus apex and black apical spot. 
Size as in 4-strigella. 

“The American and English species form a close natural series. 
The English salaciella has no spots on the wings; albogalleriella 
has only the apical spot; nonstrigella has the fuscus spot on the 
dorsal margin, and the fuscus apex in addition to the apical 
spot; awritella (English) in addition has three fuscus streaks in 
in the cilia; 4-strigella has four fuscus streaks in the cilia; as 
also has the English crepusculella, but differently placed. There 
are, however, other minute differences. It is to be hoped that 
somebody will, one of these days, find an Opostega larva. It is 
said that one was once found in Europe .” | 

In order that a more complete description of nonstrigella may 
be easily available, the original description and remarks on his 


10 New Species of Tineina, Journ. Cin. Soc. Nat. Hist. 3: 296. 1881. 
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Opostega quadristrigella'' are also quoted, and it should be noted 
that the later species also flies during the early part of July: 3 


“Silvery white; under surface of body, legs and antenne 
sordid yellowish. There is a pale fuscous spot on the dorsal mar- 
gin of the primaries, before the middle, and the extreme apical 
part of the primaries is very pale golden yellow, with a black spot 
at the apex. There are in the yellowish apical part two black 
costal streaks, and one dorsal one, and one transverse streak in the 
cilia behind the spot; the first costal streak is very oblique, placed 
before the apical spot, pointing toward but not quite reaching it; 
the second is perpendicular to the spot; the dorsal streak is 
oblique and opposite to the first costal one, and both of these are 
margined narrowly behind with silvery white. Al. ex., three 
eighths inch. 

‘““A single specimen came to the light at Camp Bee Spring, of. 
the Kentucky geological survey, in Edmondson county, in the 
early part of ‘July. The eye caps in this species present a singular 
structure, the scales being arranged in a series of altornanel con- 
centric rows; the tip of ‘the primaries are turned up, or rather 
bent outward.”* | 


Busck **, in discussing Clemens’ type specimens, also makes 


) 
a few comparative remarks on O. nonstrigella, and the moth is 
enumerated in Dyar’s List.” | 

The histological modifications which result from the mining 
of this Opostega larva are easily recognized in either cross or 
longitudinal sections of Ribes canes, and though the general con- 
figuration of the mines differ much from the type observed in 
some other woody plants, there are some striking similarities in 
their histological details. The descriptions and figures of mines” 
in the wood of various trees and shrubs by T. Hartig, Ratzeburg, 
Kraus, Kienitz and others, under the head of medullary-spots, - 


110in. Quart. Journ, Science 2: 106. 1875. Fs 
* The writer wishes to thank A. Busck for copying this quotation for him, 
but especially for so kindly determining the species. 3 
12 Busck, A. Notes on Brackenridge Clemens’ types of Tineina, Proc. 
Ent. Soc. Wash. 5: 208. 1903. i 
13 Dyar, Fernald, Hulst and Busck. A list of North American Lepidoptera 
and key to the literature of this order of insects. U. S. Nat. Mus, Bul. 
52: 547. 1902. 
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ete., seem fundamentally applicable to modifications found in 
Ribes. In cross sections brown lines are usually seen bounding 
a spot on its radial sides but especially on the side toward the 
pith, showing that regeneration occurs mostly from the cortical 
tissues. The proliferation of cells into the channels and their 
subsequent growth are so active that they and the brownish 
masses of frass and cell-remains are much compressed, so that 
the new and irregular cells become sharp-angled and straight- 
walled. They have thickened walls with numerous pits and con- 
tain much starch. Figure 1 of Plate IV gives an idea of the 
relation of the parts in a cross section of a Ribes nigrum shoot. 


CAMBIUM MINER OF PRUNUS AND CRATAGUS. 


The hosts infested.— Species of Prunus and Crategus growing 
in clumps or straggling thickets along fences, brooks and other 
obstructions were usually found infested with a tree cambium- 
miner which appears and mines much like that described and 
figured by Kienitz (Plate V, figs. 2, 3, and 5). Prunus Mahaleb 
and seedlings of P. avium grow abundantly in such locations and 
all of them possessing active cambium during late summer seem 
always to contain numerous larve. P. serotina, P. virginiana, 
Cretegus Oxyacantha and other species of Crategus when among 
infested P. avium or P. Mahaleb plants had the same miner in 
them. They were also found in P. Cerasus and P. domestica of 
some nurseries. The mines and larve were present in various 
sized stems, branches, and shoots of the above hosts from the 
ground (even underground) up to nearly three meters above. 

Description of the mines and comparison with Kientiz’s medul- 
lary spots.— The configuration of their mines seems the same :as 
that shown in figures cited above, but in most of the hosts the 
distance between the basal and ‘distal end-turns is usually greater 
than that given by Kienitz (20-30 cm.). However, in Prunus 
Mahaleb the distance is often only 20—45 em., while in P. avium, 
P. serotina and P. virginiana it is frequently 60—85 em., ap- 
proaching more nearly the demensions recorded by Th. Hartig. 
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But the same pointed end-turns and more or less irregular, 
meandering course is characteristic and common to the streaks 
left by both the Prunus cambium-miner and those by Kienitz’s 
Salix and Betula miner. But a mine in a rapidly growing plant 
often has its returns nearly parallel while those in a slowly grow- 
ing one generally meander hither and thither, sometimes cross- 
ing and recrossing each other. However, the difference between 
these mines and the shorter and more regular mines of Opostega 
nonstrigella with their semicircular end-turns is very striking. — 

Description of the Prunus cambium-miner and comparison with 
Kienitz’s miner.— The Prunus cambium-miner is a whitish, fili- 
form, maggot-like larva, devoid of hairs but having each body-seg- 
ment provided with from one to nine somewhat incomplete girdles 
of small rectangular plates. The four anterior segments have only 
one irregular, plate-girdle each; but back of that their number 
per segment increases and they are grouped into bands of regular 
radiating circles around the body of the larva. The last segment 
has a band of nine circles. The plates have a peripheral length of 
about 54, a radial width of about 34 and are about 0.34 thick, 
The dotted lines in Figure 5 on Plate V, give an idea of the 
arrangement of the plate-girdles and bands, except that pos- 
terior segments of the Prunus miner are shorter and the bands 
on them wider and therefore closer together. The thorax bulges 
appreciably instead of having the diameter of the hinder part of 
the body as represented in the figure cited. The most con- 
spicuous part of the head is a single but mee hook, not 
two as Kienitz found on his cambium-miner. 

The Prunus-miner was always found with one of its lateral 
sides toward the bark, and in all observed cases end-turns were 
made toward the dorsal side and most generally counter-clock- 
wise, i. e., the miner usually had its right side toward the bark. 
The distance mined by a larva, before getting back to its starting 
point, is so great and its progress so slow that its former mine is 
overgrown with from one to three millimeters of new wood; re 
mining its former channel, as is done by Opostega nonstrigell@ 
would therefore be impossible for this miner. 
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At the time of their discovery (August 15) the larvee were from 
4-5 mm. long and at the approach of cold weather (November 
15) 4.5—5.2 mm. and they were still in the cambial cylinder. 
They evidently hibernate in their hosts, as is also indicated by the 
presence, in the early spring wood, of old mines or streaks with 
tangential diameters about three times that of mines made this 
autumn. The larve seem to have grown but little during the 
three months they were under observation, and unless they make 
a remarkably rapid growth during early spring they will not 
attain the length of 2—3 cm. given by Kienitz for his larve. 
In view of the above noted differences in structure and habit, 
and since three or four species of Salix also grew in large num- 
bers among infested Prunus plants, and contained neither mines 
nor larvee, this seems not to be the organism discussed by Kienitz; 
though it probably belongs to the same group because in general 
they seem to have many similarities in both structure and habit. 
_LImagqines may be obtained next summer.— Although the imago 
of the Prunus cambium-miner will probably be obtained next 
spring a more detailed study of the life history of this and the 
Ribes miner is very desirable. The manner and lace of oviposi- 
tion, the number of moults and full details regarding their feed- 
ing and mining habits ought to have attention because this is a 
new or little-known type of miner, and a detailed study may bring 
out many facts which would prove of value to~ systematic 
entomology. | 
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THE ACIDITY OF GLUTEN FEEDS. 


W. H. JORDAN. 


SUMMARY. 


The marked acidity of certain gluten feeds, noted in the feed- 
ing-stuffs inspection of several states during the past three years, 
is due to the addition of “ steep-water,” a by-product obtained in 
the manufacture of corn products. The acidity of the “steep 
water” is due to its content of amino-acids and of phosphorus 
compounds with an acid reaction, probably mixed phosphates and 
phytates. Mineral acids are piesent only in negligible quantities. 

Notr.— The investigations herein reported were initiated and performed 


by E. L. Baker and A. W. Bosworth working somewhat independently of 
each other on different phases of the problem.—W., H. J. 


INTRODUCTION. 


During the years 1907 and 1908 it was noticed by chemists at 
several experiment stations, who have charge of the inspection of 
feeding-stuffs for their respective states, that many of the. gluten 
feeds found upon the market showed a very high water-soluble acid 
content as measured by titration with phenolphthalein as an indi- 
cator. | 

At the Maine Station the soluble acidity was found as high as 
1.93 ec. x per gram of feed.’ 

At the Massachusetts Station the soluble acidity was as great, 
in some samples, as 2.24 per ct. when calculated to sulphuric acid. 


1Maine Sta. Bul. 156. 
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The suggestion was made’ that this acidity might be due to 
phosphates. : 
At Geneva,” the soluble acidity was found to run as high as 
0.91 per ct. when calculated to hydrochloric acid. At this Station 
it was noticed that the soluble acidity seemed to have some rela- 
tion to the artificial coloring added and it was suggested that 
hydrochloric acid may have been used as a mordant for the color 


ing matter added. 

N 
10 
He suggested that the acidity might be due to Broan or weak 


organic acids. 


Street? found acidity reaching 3.8 c.c. per gram of feed, 


Mineral acids, if econ in quantities indicated by the figures 
given above, would be very dangerous; and it became the duty of 
the experiment stations concerned to determine the cause of this 
acidity. This became necessary for two reasons: First, if the 
acidity should be found to be due to mineral acids the consumers 
should be warned; second, if the acidity should be found to be 
due to no dangerous ingredient, the fact would enable us to quiet 
the fears of many users of the feed who had become alarmed and 
had written the Station for advice. | 

Gluten feed is one of the products obtained in the manufacture 
of corn products. In 1893 a new process was patented whereby 
it became possible to combine more of the by-products, which had 
hitherto been thrown away, with the gluten feed. This process 
consists of the treatment of the “steep water” and its final addi- 
tion to the gluten feed. A process of obtaining gluten feed is 
. outlined by T. B. Wagner.” Part of this description is repeated 
here for convenience: | . 


“The corn bought by us is of the No. 2 or No. 3 grades. To 
remove impurities, stones, dirt, dust, ete., the grain is passed 
through cleaning and separating machinery and the purified corn 
is then delivered to the steeping tanks, wherein it is soaked in 


1 Mass. Hatch. Sta. Bul. 128. 

2N.Y. Stat. Bul. 303. 

3U. 8. Dept. Agr. Chem. Bul. 122. 

4U. 8. Dept. Agr. Chem. Bul. 122, p. 164. 
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warm water, slightly acidulated with sulphur dioxide. This 
treatment brings about a softening of the grain and facilitates the 
subsequent separation of the germ, which is effected after it has 
passed through a preliminary grinding whereby the corn is broken 
up and the germ set free. The balance of the material is now 
ground fine in Buhr mills, the coarser part, namely the bran, . 
being separated by running the mass over silk sieves, while the 
starch liquor is concentrated and sent over slightly inclined 
planes, the starch tables, upon which, by a process of settlement 
and washing, the starch fills up in a solid layer. The lighter in- 


gredients, gluten, fiber, etc., are carried off in the current of water 


over the end of the starch tables. We have thus obtained, first, 
the germ from which the well known corn oil and corn oil cake 
are obtained; second, the starch which furnishes the raw material 
for the corn starch of commerce and the manufacture of corn 
sirup and corn sugars; third, the bran, being the hulls of the 


kernel; and fourth, the gluten. The third and fourth, after re- 


peated washings, are united, when still in a wet state, deprived of 
the largest part of the water by filter pressing, and delivered 
to the driers, when the water is reduced to approximately 10 per 
cent. The feed is now passed through grinding mills .and re- 
duced to a considerable degree of fineness. 

“You will ask, and very properly so, ‘What becomes of the 
mineral constituents of the corn and the soluble organic matter, 


which are extremely valuable as, for instance, the organic phos- 


phorus compounds?’ By far the largest amount of these con- 
stituents is leached out in the steeping of the corn. Were it de- 
sired only to recover the phosphorus salts, there would not be much 


- difficulty involved in isolating them, but the steep water contains 


a large amount of other ingredients which greatly add to the food 


value of the gluten feed, such as albuminoids, sugar and other 


carbohydrates, potassium salts, ete., which, however, are hygro- 
scopie and frustrate all efforts to recover them in dry form. Dr. 


Arno Behr devised ways and means of recovering these substances, 


which are fully described in United States Patent No. 491,254, 


a 
t ‘ 
~ 4 
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issued February 7, 1893. Briefly explained, Behr recovers these 
constituents of the corn by evaporating the steep water, after care- 
ful treatment, to a thick sirup, which contains these substances 
partly in solution and partly in suspension. This sirup is added 
to the feed, which latter forms an ideal absorbent.” Behr’s 
method, slightly modified, is the one used at present. | 


An analysis of gluten feed thus prepared is given by Wagner 


as follows: é 
Perch 


Wratten. s ces aaah geese sen ee ee o's a ender ee 10.36 
Proteln .. ciciew ees ee ass eel be oben ss eps oe oe rr 25.95 
Hat otk Sea oa ale wie laegs wey -ooa bee lle’ 9 ee ele -. 26 
Stareh oe. we awe sles d+ ats aoa hs eer 18.09; 
iDTe! fi Ba a OS ae a ea 6.50 
Wawel ep ieac’ cg Bakoven Abc b veltvad ere e tee. 3.70 
Nitrogen-free substance’ (by difference).............. 32.22) 
Soluble-in water (approximately)...........3 590 eee 15.50 


Wagner omits any statement as to how the sulphur dioxide and 


sulphites are removed. This may be done by adding sulphurie 


acid, hydrochloric acid or a hypochlorite in chemically sufficient — 
quantities to decompose the sulphites and expe! the sulphur di- | 
oxide on boiling. It is claimed by the manufacturers that this 


treatment is not necessary, however, for the natural acidity of the 


steep water is sufficient to expel all sulphites present upon boiling. 

From the preceding it is apparent that the steep water will 
contain that part of the corn which is rendered soluble during its” 
treatment in the process through which it is passed. The normal 4 
soluble portion of the corn is increased, during the process, by the 
action of the sulphur dioxide upon the ash, and by its hydrolytic 
action upon the proteins. Without doubt a fermentation sets in 


which also acts upon the proteins. 


The addition of the steep water to the gluten feed has been in 
practice for over fifteen years. The soluble acidity has been pres- 


1 Contains 17.18 per ct. pentosans, 
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ent during all this time but was not detected by inspection officials 


‘until recently. The manufacturers knew that the soluble acidity 


of their gluten feed was due to the steep water added and took 
steps to rectify it soon after the experiment stations began to in- 
vestigate the matter, as is shown by the patent of Theodore E. 
Breyér (No. 920,108, May 4, 1909). This patent outlines a 
process for correcting the acidity of the steep water and then 
adding it to gluten feed. 


CHEMICAL STUDY OF STEEP WATER. 
Having ascertained that the soluble acidity of the gluten feed 
is due to the steep water added we took up a study of the steep 
water in order to determine what products it contained which 


would aeceount for its acid reaction. 


Two samples of steep water were very kindly sent to the Station 
by Mr. H. C. Humphrey of the Corn Products Refining Com- 


pany: 


Sample A, a steep water slightly concentrated. 
Sample B, a steep water concentrated and ready to be mixed 
with gluten feed. The acidity of this steep water has not been 


‘neutralized. 


Taste I.— Anatysis or Strep Warer rrom Corn Srarop 
MANUFACTURE. 


A B 
Grams per 100 cc. Grams per 100 cc. 


WOtat SOMOS: = vic say us Vanes s Pena eee 2].50 40.54 
‘otal “nitrogen ©. ois «nis aaa eee ee 1.45 2.35 
Nitrogen in form of amines: 

Bys tannic. aed, gina pear gee one tate 0.99: 1.85 

By Van Slyke1 amino-acid method..... 1.00 1.70 
Nitrogen it orm olf NHoesiee ence ate 0.05 0.10 
ROULL DUET po aso-:s elyseoee alas abes'= eens meee Ona ete trace trace 
Chlorimes 5. 0255) 350%. «59 voce eerste as ok 0.09 
Total. phosphorie acid 3. Sg. caeaess soaks 1.58 3.04 
Organic phosphorie Acid) .ca .. 1s 5 ae ale 0.94 2.18 
Inorganic’ phosphoric "avid? cova roo 0.64 0.86 
ASW 52 2p eee Sara ee cies a ee a 3.73 7.20 
Potash sc. buuss bee ee a eae 1.14 2 BE 
Sodium “oxide iS: och. eee ele oe eee Ona 0.52 
Maonesiuimn “oxide ss. tai cis oe abe see 0.67 1.04 
Caletyym. <oxi10e:"ya5 3. 2s ee oe a trace trace 
2 Acidity Of 100306) sa oa, seme eae 55.0 c,e.4 108.0 ¢.c2 
3 Acidity of 100 c.c. not neutral by boiling 

with an exeess of calcium carbonate...: ~~ 9.2... 65.0 Ce 
Specific <OTAVILY 4s obi etate «cea eee ene 1.0978 1.1374 


1 Ber, deut, chem. Ges. 43: 3170-3181. 

2 Phenolphthalein used as indicator. 

3 Both samples contained reducing sugars and other carbohydrates. 

4 Normal acid. ; 

Attention is called to the very low content of mineral acid _ 
and to the high content of amino nitrogen and organic phosphorus. 

The following amino acids were identified by crystallization: 
Leucin, tyrosin, glutaminiec acid, and phenylalanin. | 

The method used for the determination of inorganic phosphorie — 
acid is the one given by Forbes, Lehman, Collison and Whittier.” 

Upon examination the organic phosphorus was found to be com-— 
bined in a manner indicative of the presence of phytin. ‘Upon 
separation, and purification to some extent, an organic substance 4 
was obtained containing a very high percentage of phosphorus — 


5 Ohio Sta. Bul. 215. 
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and having acid properties. Upon boiling this substance with 
strong nitric acid a large yield of inosite was obtained. 

That phytin is a normal constituent of corn has been known 
for some time. Hart and Andrews’ found that corn contains no 
inorganic phosphorus. They also found 0.177 per ct. of soluble 
organic phosphorus. 

Hart and Tottingham* found no inorganic phosphorus in corn 
and 0.13 per ct. of soluble organic phosphorus which they identi- 
fied as phytin. 

It is easy to see, therefore, that the phytin in the corn, being 
soluble in water and weak acids, would naturally all go into the 
steep water during the treatment outlined in the first part of this 
paper. The inorganic phosphorus found would come from the 
breaking down of phytin due to the acid (sulphur dioxide) and 
heat used in the process and to any fermentation which might 
take place. 

It was found impossible to make the steep water neutral to 
phenolphtalein by boiling 100 cc. with 200 e.c. of water and an 
excess of calcium carbonate; 100 cc. of steep water B had an 
acidity equal to 108 ¢.c. of normal acid. After boiling as stated 
above the acidity was found to be equal to 65.0 ¢.c. normal acid. 

The amino-acids are capable of decomposing calcium carbonate. 
Acid phosphates are not capable of removing calcium from cal- 
cium carbonate in sufficient quantities to make phosphates neu- 
tral to phenolphtalein as is shown by the following: 


One hundred e.c. of a solution of Ca Hy, P. Os, having an acid- 
fity equal to 19.6 cc. a was boiled for ten minutes with one 
gram of calcium carbonate. The acidity was then found to be 
equal to 15.6 c.c. ae 

One hundred e.e. of a solution of K H, PO,, having an acidity 
equal to 49.0 ec. NX was boiled for ten minutes with 1 gram of 
calcium carbonate. The acidity was then found to be equal to 
45 «0. a. 


IN. Y. Sta. Bul. 238. 
2 Jour. Biol. Chem. 6: 431. 
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Acid phytates, like acid phosphates, are not capable of vem 
ing calcium from calcium carbonate in quantities large enough to 
make phytates neutral to phenolphtalein, as is shown by the ‘? 
lowing experiment: ‘ 
One hundred e¢.c. of a solution of acid ees ‘ealciaa mag: 
nesium and potassium phytates) having an acidity equal to 
21.6 cc. x0 was boiled for ten minutes with 1 gram of calcium 
carbonate. The acidity was then found to be equal to 10.5 ce. 5. 
These facts are strong evidence that the greater part of the acidity 
of the steep water is due to the forms of phosphorus present. 
We must conclude, therefore, that the acidity of the steep water 
is due to presence of two classes of compounds; nitrogenous 
bodies (mostly amino-acids), and phosphorus compounds (in all 
probability a mixture of phosphates and phytates). | 


EXAMINATION OF GLUTEN FEEDS. 


Having determined that the addition of the steep water to 
gluten feed will very materially increase its soluble acidity, we 
next undertook a study of some samples of gluten feeds to deter- 
mine, if possible, how much of the soluble acidity is due to the 
steep water added. The figures in the following tables are the 
results of our work. i 

The soluble constituents were extracted by adding five grams 
of the feed to 500 ¢.c. of water and shaking occasionally. The 
insoluble feed was filtered out and the water extract thus obtained 
used for the determination. 
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Sample 1 had no steep water added to it. The others, as shown 
by the figures, had received varying amounts of steep water. 

Sulphur and chlorine were found to be present in traces only in 
some feeds and not at all in the rest. Acetic and lactie acids 
could not be detected. 

An examination of Table II will show the following facts in 
connection with those feeds to which the steep water has been 


added. 


. The soluble solids are high. 


re 


. They contain considerable soluble acidity. 


© bo 


. The soluble nitrogen is high. 

The soluble nitrogen is in the form of amines. 
. The total ash is high. 

. The soluble ash is high. 


=~ 63) OU hs 


. The soluble phosphoric acid is high. 
. The soluble phosphoric acid is waco organic 


. They contain sugars. 


co CO 


The presence of amines. was determined in three ways. 


1. Nitrogen not precipitated by phosphotungstic acid was de- 
termined. (The feeds contained no ammonia. ) 

2. Amines when acted upon by nitrous oxide give off free ni- 
trogen. 

3. The amines were crystallized and the following ones identi- 
fied: Leucin, tyrosin, glutaminic acid, and phenylalanin. 


The four amines identified are the ones produced in largest 
quantities from the hydrolysis of the zein of corn. The follow- 
ing table gives the percentages of these amines obtained from the 
hydrolysis of zein and the percentage of nitrogen in each. 


Amount of. 

Amount nitrog en 

in zein contained — “4 

Per ct. Per ct. ‘ 
Leucin 62-25 fee Sa ee oe ee 11.25 10. 687 
Ly Tosins,. <i ee ann ee ee ee eee ee 10.06 7.735 
Glutamine acid eee OR tp cee ae ceeaa ae gee ae. 9.524 
Pheriylalanin 7.2: eer ol ee ee ee 6.96 8.485 
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The inorganic phosphorus was determined by the same method 
used in examining the steep water. The organic phosphorus was 
found to be present in the same form as in the steep water. In 
Table III are given the results obtained from an examination of 
the samples of gluten feed collected, during the winter of 1908 
and 1909, in connection with the State inspection of feeding 

stuffs. | 
Tapre II].— Acipiry, Corortnc MATTER AND FoRMS OF PHOSPHORUS AND 
NITROGEN IN OFFICIAL SAMPLES OF GLUTEN FEEDS COLLECTED 


DURING THE WINTER OF 1908 AND 1909. 
NE ————————————————————————————————— nn 


Acidity 

of the WATER SOLUBLE Detection of 

Cet ge es AA 

SAMPLE NO. | extract coloring 

from |[norganic| Organic | 7p N N RARE 

1 gram Ps O Po O otal as by dyeing 

as N & 6 Paso. amines wool * 

10 
Per ét. Per ot. Per ct. Pere Che Penrice: 

SEI hslels so ce 0 bs 0.0 0.00 0.00 0.00 0.03 0.03 | Not colored. 
AUSPee he sis < c's 3.0\s O81. 0.00 0.00 0.00 0.03 0.02 | Not colored. 
SOS 2 Sees Oot 0.00 0.00 0.00 0.03 0.02 | Not colored. 
Md. ree O01 0.00 0.00 0.00 0.07 0.08 | Not colored. 
LSS 5 CI 0.1 trace trace trace 0.05 0.02 | Colored. 
LE ee re 0.2 0.00 0.00 0.00 0.06 0.03 | Not colored. 
DEAS Ec cis. 6s sos 0.3 0.00 0.00 0.00 0.20 0.15 | Colored. 
Ms oo aie os Ore trace trace trace 0.38 0.20 | Colored. 
70>, 2 eee OFS trace trace trace 0.19 0.02 | Not colored. 
OES 0.5 0.05 0.10 Wye as O26 0.04 | Not colored. 
Vhs 0.6 0.06 0.09 Orla 0.10 0.07 | Colored. 
Vt oh ene 0.9 0.30 0.03 Onos 0.40 0.36 | Colored. 
ON. 3 ee 1.0 0.14 0.07 0.21 ORS 0.31 | Colored. 
ED) 93 Sr it 83 0.37 0.39 0.76 0.89 ! 0.72 | Colored. 
DMD) tee 0.26 0.09 0.35 0.76 0.54 | Colored. 
ON ee 1.4 0.30 0.14 0.44 0.68 0.63 | Colored. 
MAGEE fcr. 8s 6 1.4 0.34 0.08 0.42 0.67 0.62 | Colored. 
rr 1.4 0.59 0.16 OR ho Lai2 0.89 | Colored. 
ae 1.5 0.29 0.16 0.45 0.69 0.59 | Colored. 
0. ae Dare 0.41 0.16 0.57 0.84 0.72 | Colored. 
OSU» 1.8 0.41 O27 0.68 0.67 0.62 | Colored. 
MIRE ees, +) ove.s Es 0.34 0.13 0.47 0.64 0.48 | Colored. 
UNE onc, 8 1.9 0.48 0.30 0.78 0.93 0.84 | Colored. 
020). A ogee aD Onze O23 0.46 0.83 0.71 | Colored. 
OSU SEO OF52 0.63 1 en ia ir 1.04 | Colored. 


*Method of Sostegni and Carpentini. U.S. Dept. Agr. Chem. Bul. 107 (revised). 

The figures in this table very strikingly bring out the connec- 
tion existing between the acidity of the water extract and the 
phosphorus and nitrogen compounds present in the feed in soluble 
forms. 

The table also seems to establish a relation between the acidity 
and the presence of artificial coloring matter. 
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The manufacturers explain the presence of artificial color by 
saying that when white corn is used the feed must be colored in 
order to meet the prejudiced demand for a yellow colored gluten ; 
feed, and that steep water when added to gluten feed reduces 
the richness of the color and necessitates artificial coloration to 
meet the demand. | 

That the amount of coloring matter added is proportionate to 
the amount of steep water added is shown by Table IV. 


TABLE [V.— ACIDITY AND COLOR oF OFFICIAL SAMPLES OF GLUTEN FEEDS 
COLLECTED DURING THE WINTER OF 1909 AND 1910. 


Acidity ot the 
Water extract 

Sample No. from 1 gram as Color of Water Extract 
N 


10 
O84aT wer Oe colorless 
2808.. 0.2 colorless 
2989... 0.2 colorless. 
2834.. 0.3 colorless 
Ze00 s3 0.3 colorless 
alla~. 0.3 colorless 
2853... 0.4 very faint (yellowish) 
2883.. 0.4 very faint (yellowish) 
2810.. 0.6 very faint (yellowish) 
2814.. 0.6 very faint (yellowish) 
2890. . 0.6 very faint (yellowish) 
2807.. 0.8 colorless 
2938 .. 0.8 faint yellow 
2905. . 1.2 yellow 
2729-3 P26 straw color 
2958... ieee deep orange 
2825. . 1.8 yellow 
2967s, 2.0 deep orange 
2988. . 252 deep yellow 
2998.. 2.2 yellow 
Bi2O ue: ews straw color 
2806.. 2.8 straw color 


It is seen from the data presented that the soluble portion of 
the gluten feeds is composed of carbohydrates, amines, phytates 
and phosphates. No mineral acids are present in more than traces, 
and they can be dropped from further consideration. 7 


(a: 


In conclusion it canbe said that the soluble erie of gluten 
feeds is caused by the addition of steep water and that the acidity 
of the steep water is due to the presence of amino-acids, phytates 
and phosphates. 


CONCLUSION, 


1. The acidity of gluten feeds is caused by the addition of 
“steep water,” a by-product obtained in the manufacture of corn 
products. ) 
2. The “ steep water” contains two classes of compounds which 
give it an acid reaction. There are, amino-acids and phosphorus 
‘compounds. These phosphorus compounds are probably a mixture 
of phosphates and phytates. 


Pe 


3. The “steep water” contains traces of mineral acids (acids 
of sulphur and chlorine). They are present in such small quanti- 
‘ties that they need not be considered as Sones any deleterious 


properties to the feed when the “ steep water ” is added to it. 
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TECHNICAL BULLETIN No. 1%. 


THE APPLE AND PEAR MEMBRACIDS 


H. E. HODGIISS. 


SUMMARY. 

In some investigations of common fruit pests, eggs of various 
species of Membracids were commonly found in buds and young 
wood of applies and pears. The laying of eggs in the buds is 
apparently an unrecognized habit for these insects. The fre- 
quent occurrence of eggs led to breeding experiments to ascer- 
tain the identity of the species. 

Ceresa taurina Fitch and Ceresa borealis Fairm. oviposit in 
the buds. Ceresa bubalus Fabr. and Stictocephala inermis 
Fabr. lay their eggs in the bark of the young wood. The species 
Ovipositing in bark cause characteristic scars. _ 

In rearing a large number of individuals five distinct stages 
were completed before the appearance of the adult. The nymphs 
of the species mentioned may be recognized in their different 
stages principally by the structure of the appendages, the char- 
acter of the spinosity of the body and the coloration. 

The species breeding on apples and pears depend on succulent 
weeds and plants for the sustenance of the nymphs. The range 
of host plants is quite extensive. 

Egg parasites have been quite common during the past three 
years. Two species have been bred which arePolynema striati=- 
corne Gir. and Ottys ceresarum Ashm. These attack all species. 

C. bubalus is the more destructive species to apple and pear 
wood. S. inermis does not cause injuries of an important nature. 
The insertion of eggs between the bud scales by C. taurina and 
C. borealis appears to have no detrimental influence on the de- 
velopment of the buds. 

Clean cultivation to prevent the growth of the hosts of the 
nymphs is the most practicable and efficient remedy for the 
prevention of injury by the tree-hoppers. . 

[81] 
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INTRODUCTION. 


Some investigations which have been conducted on several ap- 
ple and pear insects during the past few years have shown the 


presence of insects on these fruits which are responsible for eggs 
in wounds in the bark and in the buds. An examination of the 
eges indicated that they had been laid by Membracids. A refer- 


ence to literature gave no clue to the species other than the 


buffalo tree-hopper, Ceresa bubalus Fabr., and a closely related 
species, Ceresa taurina Fitch. The apparent impossibility of 
locating from literature the form responsible for oviposition in 
buds has prompted an extended series of breeding a 
the results of which form the basis of this bulletin. 


The writer is greatly indebted to Mr. E. P. Van Duzee for the 


specific determination of the insects and for valuable suggestions 
and criticisms of the manuscript. Mr. A. A. Girault very kindly 


named the parasites and gave much valuable data on the species. 
Dr. H. Fernald. allowed the use of his library and the card 


catalogue of entomological literature at the Massachusetts Agri- 


cultural College, for which courtesy I am greatly indebted. The 


investigation was made under the supervision of Mr. P. J. Par-— 


rott, to whom I am especially obliged for constant advice and 
ee 
THE MEMBRACIDA. 


HISTORICAL. 


The work of Stal’ has placed the family on a firm systematic 


basis. The synopsis of the genera by Dr. Goding and his later 
catalogue” are valuable for the species recognized at that period. 


A large number of our native forms were described by Say,’ 


Fitch,? and Emmons;* the publication of the latter being chiefly © 


valuable for the illustrations. The recent study of Van Duzee™* 


1 Bid. Hemip. Syst. 24:491. 1867. Hem. Fabr. 2:18. 1869. 
23 Tl. St. Lab. Nat. Hist. 3. 1894. 

2Ent. N. A. (Le Conte Ed.) 1:198; 2:376. 1891. 

3Cat. Hom. N. Y. 1851. Rpt. Ins. N. Y¥. 3. 1856. 

4 Aor, N. Y. 5:152. 1854. 

24 Bul. Buff. Soc. Nat. Sci. 9:29-119. 1908. 
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is the most serviceable and best guide to the systematic knowledge 
of the family. 

Contributions to the knowledge of some of the species of 
economic importance have been made by Fitch,°® Riley,® Marlatt,’ 
and Jack.* There are many references in literature to bubalus, 
which are largely compiled from the writings of Riley and 
Marlatt. 

FOOD PLANTS. 


The food plants of the Membracide have been listed by Dr. 
Goding.* Other writers have named the host plants of different 
Species without distinguishing between the food plant and the 
host in which the eggs are laid. 

From our observations we may conclude that in general trees 
and shrubs serve chiefly for the deposition of eggs and as food for 
the adults. The more succulent foods are necessary to sustain the 
vounger stages. Among these should be mentioned the wild par- 
snip (Pastinaca sativa L.), great burdock (Arctium lappa L.), 
daisy fleabane (Mrigeron annuus Pers.), wild carrot (Daucus ear- 
ota L.), Canada thistle (Circium arvense (L.) Seop.), bull thistle 
(Cirsium lanceolatum (1L.) Hill), moth mullen (Verbascum blat- 
taria L.), New England aster (Aster nove-anglie L.) and other 
Aster spp. Other suceulent plants which have been mentioned 
are potato, tomato, Japan lily, ragweed (Ambrosia sp.), and vari- 
ous other succulent cultivated plants. 


GENERAL DESCRIPTION OF LIFE STAGES OF MEMBRACIDS, 


Adult stage—— The Membracide are curious insects, the pe- 
culiar shapes assumed by the pronotum creating popular as well 
as scientific interest. In general outline the tree-hoppers have 
the appearance of angular seeds or nuts. The pronotum often 
forms a high, arched crest above the body; it may be elevated, 


5 Rpt. Ins. N. Y. 12:889. 1867. 

6 Rpt. Ins. Mo. 5:121. 1872. 
_ Kans. Acad. Sci. 10:84. 1886. Ins. Life, 7:8-14. 1894. U. 8. Dept. 
Agr. Bu. Ent. Cir. 23, 2d Ser. 1897. 

8 Rpt. Ent. Soc. Ont. 17:18. 1887. 

23 TIl. St. Lab. Nat. Hist. 3. 1894. 
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giving rise to one or more humps, may bear spine-like processes. 
over the head, and may be smooth, pitted or extended horizont- 
ally. The color is commonly green or brown, spotted or banded. 
The greatest diversity of color and form is found among the lux- 
urious vegetation of the South American tropics. In our cooler — 
climate the less brilliant and inconspicuous species are common. 

Egg stage.— The egg is tooth-shaped or wedge-shaped. The 
chorion is translucent when the egg is first deposited, but may 
become dirty white or purplish in color before the insect hatches. 
The size may vary with the species but in general it averages 
about 1.5 mm. in length. 

Nymphal stages.— The observations of Riley dori the year 
1872 indicated that C. bubalus Fabr. (taurina Fitch)? trans- 
formed four times before the adult appeared. In our studies on 
bubalus, taurina, borealis, and Stictocephala inermis each species 
produced five molted skins before maturity. The general char- 
acter of the several instars are as follows: 

First instar: The first stage of the nymph is quite distinct 
from the later instars. It may be recognized by the structure of 
the double row of prominent tuberosities along the dorsal ridge. 
These are composed of a stout basal portion narrowing at the 
apex to a slender hair, with one shorter hair arising from a fork 
near the middle of the protuberance. 

Srconp mnsTaR: This may be recognized by the dorsal tuber- 
osities becoming complexly forked, rather widely separated and 
small in size. 

Turrp instar: The third stage may be recognized by the in- 
creased branching of the dorsal processes which at this time curve 
noticeably; the tuberosities on the thorax incline somewhat for- 
ward and the abdominal processes more strongly backward. The 
wing pads begin to show during this instar. | 

Fourtu instar: The dorsal processes are more strongly 
branched and curved. The wing pads in this stage overlap the 
second abdominal segment. The chief change is the presence of a 


9 Rpt. Ins. Mo. 5:121. 1872. 
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distinct segmentation in the thorax. The pronotum is: strongly 
produced above and in the dorsal median is extended caudad in 
form of a short, horn-like process which nearly reaches the meso- 
thoracic tuberosities. 

Firtu mnstar: The dorsal processes at this time bend more 
strongly forward and caudad, or may be much reduced in size. 
The pronotum is more distinctly produced backward in a sterni 
form process which is rather long. The prothorax is more or less 
flat in front. The abdominal tuberosities are often very mnch 
reduced in size. 


STUDIES ON THE LIFE HISTORY AND HABITS OF 
MEMBRACIDS. 


METHODS OF STUDY. 


The observations on the life cycle of the tree-hoppers were 
made in the laboratory. The twigs and buds containing eggs 
were placed in jars of moist sand beneath bell-jars, and on 
hatching, the nymphs were trarisferred to plants in breeding 
cages. Young apple and pear trees in pots were principally used 
for host plants. Succulent growth was forced from the trees, 
which seemed to meet the needs of the hoppers in the first nymphal 
stages. When the nymphs became restless and refused to remain 
on the trees they were transferred to tender plants, principally 
the thistle. | | 

Eges were obtained by confining individual adults on young 
apple and pear wood. 


FIRST APPEARANCE OF ADULT AND LENGTH OF LIFE. 


The imago appears about the middle of July. In 1908 the 
first individuals of C. bubalus were seen on July 2, but the in- 
sects were not numerous until July 20. During the season of 
1910 a large number of the adults of S. inermis were collected 
on July 12, but C. bubalus and C. borealis at this: time were 
rather rare. C. faurina was not obtained until July 20, at which 
time all species were abundant. Mr. J. G. Jack records 
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the presence of adults of C. bubalus in an orchard on July 
16, which became numerous a few days later. Our breed- 
ing records show that one individual became adult on June 
30, and lived after oviposition had ceased until Sept. 1 when — 
it was killed. Jack records C. bubalus on Oct. 26,8 and Marlatt 
reports the presence of this insect Oct. 24.7. In general, adults of 
the species mentioned may be found over a period beginning 
about the middle of July and ending with the first heavy frost. 


FEEDING OF ADULTS. 


‘The adults, especially females, undoubtedly feed on trees. The 
evidence in favor of this habit is based upon adults kept in 
breeding cages which lived only two or three days upon aster and — 
thistle, while nymphs in every instance thrived on these plants. 
Mature individuals confined on two-year-old apple and pear wood — 
lived through the normal period. Soon after maturity and some — 
time before oviposition commenced large number of males were — 
collected which were apparently subsisting on two and three-year- 
old wood of apple and pear. : 


PERIOD BETWEEN MATURITY AND OVIPOSITION. 


Specimens of S. tmermis, which transformed to adults in~ 
the laboratory June 30, commenced to lay eggs on July 20. 
Under natural conditions the earliest oviposition was noticed on 
August 1, but the egg scars were not abundant until a few days” 
later. Jaek records his first observations of egg-slits as August 
12.3 During 1908 no eggs of C. borealis or C. taurina were found 
until August 24. | 


RATE OF DEPOSITION AND NUMBER OF EGGS. 
Adults of inermis reared in the laboratory usually made two : 
egg scars in one evening. Occasionally four slits in the bark for 
the reception of the eggs were cut in one day. One individual” 


8 Rpt. Ent. Soc. Ont. 17:18. 1887. | | | 
7Kans. Acad. Sci. 10:84. 1886. Ins. Life, 7:8-14. 1894. U. S. Dept. — 
Agr. Bu. Ent. Cir. 23, 2d Ser. 1897. z 
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made 59 scars during July and August in which 252 eggs were 
deposited. Another female inserted 212 eggs in 39 wounds dur- 
ing the same period. 


DURATION OF OVIPOSITION. 

Specimens which were laying eggs (in the laboratory), on 
July 20, 1909, ceased oviposition during the period between Sept. 
11 and 27. In orchards about Geneva scars were most numerous 
on Aug. 15, 1909. At Syracuse, on Aug. 20, 1909, the slits 
caused by C'. bubalus were rarely observed in orchards; but on 
Sept. 20 many of the trees were very severely injured by the 
work of this insect. During the seasons of 1909 and 1910 at 
Geneva, deposition of eggs had ceased by Aug. 24 and adults 
were not found in the trees or taken at the net after Sept. 26. 
During his studies in Kansas, Marlatt’ observed adults as late 
as Oct. 24, at which time egg laying had evidently ceased. Jack 
reported that the oviposition of bubalus continued between Aug. 
12 and Oct. 26, 1886.° 


DESTRUCTIVENESS OF INSECTS. 


The injurious. species are those which slit the bark during the 
process of oviposition. The destructive work often occurs on 
young trees along the roadside, or along the boundaries of fields 
which receive little or no cultivation. Trees which are attacked 
by these insects are often stunted in growth and the branches are 
weakened by continual scarification. These injuries are often 
ageravated by destructive fungi and insects which find lodg- 
ment in the wounds. 


PLACE SELECTED FOR THE EGGS. 
The adult females when ready to deposit eggs usually select the 
two or three-year-old wood, or the buds of its particular host 
_ trees. Marlatt observed that the buffalo tree-hopper did not con- 


7 Kans. Acad. Sci. 10:84. 1886. Ins. Life, 7:8-14. 1894. U.S. Dept. Agr. 
Bu. Ent. Cir. 23, 2d Ser. 1897. 
8 Rpt. Ent. Soc. Ont. 17:18. 1887. 
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fine its work to such wood although showing a preference for it.’ 


Certain species often choose weeds for this purpose. Unidentified — 


Membracid eggs which had been deposited within the petiole of — 


the leaf were collected on weeds during 1908. Mention of weeds i 


being a receptacle for eggs of bubalus has been made by “‘Marlatt.7 


DURATION OF EGG STAGE. 


Hatching takes place about April 20, according to the season, 


and nymphs of the first stages may be found in goodly numbers — 


on apple and pear trees until May 24. Jack reports that eggs — 


were hatching on June 6,° which is the latest date in our records 
for the appearance of young nymphs. 


HATCHING OF THE EGGS. 


As the embryo develops, a suture gradually appears in the apex | 
of the chorion which permits the extrusion of an inner cap. The © 


process takes place very slowly so that the head and thorax are. 
usually freed simultaneously with the egg-cap. ‘The abdomen is” 


released by a swaying movement until the anal segment alone 1s _ 


attached. ‘The insect then remains quiescent in a perpendicular 


position, often for a period of two minutes, after which spines — 


and other appendages are released. These are seen one at a time, ~ 


those on the head appearing first and later those on the thorax : 


and abdomen. The legs gradually become extended, each pair 


separately; the metathoracic legs obtain freedom at the same 
time as the hairs and dorsal spines of the third abdominal seg-_ 
ment. After the appendages and ornaments are released the 


creature remains erect for the space of one minute before dropping — 


and separating itself from the shell. The entire process occupies — 


a period varying from seven to nine minutes. 


DURATION OF NYMPHAL STAGE. 


The period elapsing between the nymphal stages of Mera 4 


bracids reared in the laboratory varied with the different instars, — 


7Kans. Acad. Sci. 10:84. 1886. Ins. Life, 7:8-14. 1894. U. S. Dept. — 


Agr. Bu. Ent. Cir. 28, 2d Ser. 1897. 
8 Rpt. Ent. Soc. Ont. 17:18. 1887. 
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and to some extent with the individuals. The number of days 
rom hatching to maturity of 20 nymphs of C. tawrina in the 
yreeding cages was 47 days. The first and second instar averaged 
3 and 7 days respectively; the third instar, 7 days; the fourth 
nstar, 9 days; the fifth instar or pupal stage lasted 16 days. 
[hese records correspond very well with those of the nymphs grow- 
ng under natural conditions, which averaged seven days to an 
nstar. 

During 1906 a considerable number of individuals were re- 
yuired to feed on succulent shoots of pear-tree foliage. The first 
nstar lasted from 13 to 24 days; the second from 8 to 10 days; 
he third 12 to 13 days, and the fourth 13 days, after which the 
ndividuals died. 


THE ECDYSIS. 


The first indication of molting is an apparent drying of the 
ntegument. ‘This may be seen for the most part about the more 
ranslucent parts of the body, especially in the lighter-colored 
tymphs such as those of C. tawrina. When the actual ecdysis 
egins, the nymph becomes quiet and soon a split appears in 
hat portion of the pronotum over the head, which continues 
yradually along the dorsal median of the thorax. By this time 
he head is partly released and the thorax is forced out, enlarging 
is it becomes detached. The legs remain encased until after the- 
hird abdominal segment is released. The remaining segments 
lowly appear, extending gradually as they become free. The 
yperation from the splitting of the skin over the thorax until the 
ody is extruded occupies seven minutes. Another minute is neces- 
ary for the body to become dry. The legs are not used during 
he operation and do not become ready for use until the skin is 
ff. The old integument is not fastened to the leaf during molt- 
ng and very often remains attached to the anus for some time 
ifter the body is released. 


FEEDING AND GREGARIOUSNESS OF NYMPHS. 


For a short time after hatching the nymphs remain on the 
‘foliage of apple and pear trees but soon they become rather 


a 
{OTe 
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active and seek other hosts, either working their way down the 
trunk or dropping from the limbs of the tree to the ground. ‘They 
immediately assemble on weeds, the juices of which seem neces- 
sary for their sustenance. In one instance a single nymph was 
found feeding on thistle in an oat field 40 feet from grass or 
weeds or the tree which probably contained the egg from which 
this insect hatched. ) 

These insects have been said to be gregarious. In the nymphal 
stages this tendency is not seen in a marked degree. ‘The exist- 
ence of several young on one stalk appears to be accidental. AL 
though the hoppers have been abundant near Geneva, only a 
single specimen is usually taken from one plant and the largest 
number ever captured was three. This tendency to solitary exist- 
ence continues throughout the life of the nymph. 


METHOD OF FEEDING AND INJURIES CAUSED BY NYMPHS. 


The nymphs in the first stage usually move to the under side 
of a leaf or petiole, as if hiding from strong light. Later they 
appear to be less sensitive and may be found in various positions 
on the leaf. The nymphs while feeding usually have their heads 
directed downward. . 

No mention has been made by other writers of injuries to 
pear and apple foliage during the short period that the nymphs 
remain on the trees. Succulent shoots of pear when used in the 
laboratory for food were always girdled about the larger portion 
of the stem. 

Such work is always present on the more succulent food plants, 
and of these the thistles are apt to show the effects of the girdling © 
most severely. 


CONTROL OF MEMBRACID. 
EGG PARASITES. 


_ Two species of parasitic hymenoptera have been bred from eges 
of C. bubalus. Miss Murtfeldt has reported that an unde- 
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scribed species of Cosmocoma (Polynema)" had destroyed most 
of the eggs received by her from several localities in Missouri.’° 
Marlatt suggests that egg parasites which were observed by Jack® 
were of this species, and also refers to a species described by Dr. 
Ashmead” which was bred from eggs of C. bubalus. The 
latter he found to be Trichogramma (Ottys) ceresarum Ashm." 
The common form attacking eggs about Geneva is Polynema 
striaticorne Gir. Individuals of this species have been compared 
with the species taken by Miss Murtfeldt in Missouri and pro- 
nounced by Mr. Girault to be identical. These parasites are very 
abundant even in orchards most severely injured by tree-hoppers. 


MEASURES FOR THE PREVENTION OF INJURIES, 


Trees that have been much attacked by tree-hoppers should 
be stimulated to outgrow the injuries by careful pruning and 
cultivation. The use of insecticides against these insects is im- 
practicable owing to the habits of both the larve and the adults. 
The feeding of the nymphs on succulent vegetation provides a 
remedy in clean culture. The-destruction of weeds by cultiva- 
tion during the months of May and June, for the purpose of 
removing all succulent vegetation on which the nymphs feed, will 
protect the young trees from attack by the adults. 


THE APPLE AND PEAR TREE-HOPPERS. 
SYSTEMATIC RELATIONSHIPS. 

The tree-hoppers included in this investigation belong to the 
tribe Cerasini Goding of the sub-family Smilida Stal. The species 
are distributed in two genera, Ceresa A. & S. and Stictocephala 
Stal, and may be determined by the accompanying table which 
is adapted from that of Van Duzee..- 


Mr. Girault informs me that this species is P. striaticorne Gir. 
10 Hort. Soc. Mo. Rpt. 32:50. 1889. 

8 Rpt. Ent. Soc. Ont. 17:18. 1887. 

Ins. Life, 7:13. 1894. 

13 Can. Ent. 20:107. 1888. 
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SYNOPTICAL TABLE, 


SVUB-FAMILY SMILIIDA Srat, 
Klytra free with clavus uncovered, its posterior margin touching the ex- 
ternal margin of the pronotum, I. Cerasini Godg. 
I. Trise CERASINI Gopina. ; 
Corium with two veins contiguous at base, sometimes united in one. 
A. Pronotum armed with suprahumeral horns, sometimes reduced 


to mere tubercular angles. 1. Ceresa A. & S. 
B. Pronotum without suprahumeral horns, the sides of the meto- 
pidium at most obtusely angled. 2. Stictocephala Stal. 


Corium with two distinct veins at base, contiguous at most but for 
a short space at base where they are subobsolete. 
(Genera not included in this table.) — 
‘1. Genus CERESA A. & S. 
Green, flavous or piceus species, not transversely banded. 
Suprahumerals distinctly produced in horns, at times but 
short and triangular. 

Clypeus short, at apex continuing the contour of the 
outer margin of the cheeks. Suprahumerals promi- 
nent, acute, produced horizontally, little if at all 
curved posteriorly; metopidium transversely flat. 

Length 8-10 mm. bubalus Fabr. 

Clypeus triangularly produced beyond the line of the 
cheeks. Metopidium flat or concave between the 
suprahumerals, sometimes a very little convex ab the 


middle. 
Length 8-10 mm; suprahumerals long, cabiere sloping 
upward and eurved backward. taurina Fitch. 


Smaller, 7-8 mm; suprahumerals shorter, triangular, 
abrupt, horizontal, a little curved backward. Prono- 
tum, hairy; ultimate ventral segment of the female 
acutely emarginate; venter of the male concolorous; 
inhabits east of the Rocky Mts. borealis Fairm. 

2. Genus STICTOCEPHALA Srat. 
Carinate sides of the metopidium meeting before the ida 
of the body. 

Metopidium widened upward to the rounded supra- 
humerals. Loriae continuing the rounded contour of 
the cheek, the clypeus scarcely longer. Last ventral 
segment of female broadly sub-angularly excavated be- 
hind. mermis Fabr. — 

Carinate sides of the metopidium meeting at or behind the 
middle. (These species are not included in this bulletin.) 


CHERESA BUBALUS Faszr. 
HISTORICAL, 

This species, commonly known as the buffalo tree-hopper, was 
described by Fabricius” in 1794. For many years no special effort — 
seems to have been made to ascertain its life history and habits. 
In 1867 Fitch published an extended account of this species im 
which the eggs of the common tree cricket Oecanthus (niveus 


25 Ent. Syst. 5:14. 1794. 
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DeG."*) nagricornis Walk., were described as those of Ceresa 
bubalus*®. Riley in 1873 criticised him for this oversight in 
a discussion on the eggs and early stages supposed to be those 
of bubalus but which were later mentioned as those of Ceresa 
taurina.’” The most valuable studies which have since been 
published are by Jack in Canada,* and Marlatt in Kansas.‘ The 
studies of Marlatt are the more complete and with his later paper‘ 
on the same subject form the basis of much of the economic 
literature on this species. 


TECHNICAL DESCRIPTIONS. 


ADULT. 


Pronotum considerably elevated; metopidium transversely flat; supra- 
humerals moderately prominent; short; acute, produced horizontally, seldom 
recurved; surface evenly punctate, with a strong median carina; anterior 
margin deeply sinuate, slightly recurved at the eyes; callosities plainly dis- 
tinguished; posterior portion narrowed gently, margins strongly recurved ; 
horn long, usually amber in color, black at tip, and extended beyond the anal 
tube. Head large, strongly produced above the level of the eyes at the 
middle; anterior margins of cheeks straight, not reaching the apex of the 
tylus; tylus large, reaching half way to base of head, at apex longer than 
cheeks and lorie; anterior margins continuing the triangular outline of the 
head. Last ventral segment of female wide; rounded on either side of the 
obtuse median notch. The plates of the male broad, reaching the tip of the 
anal tube. 

Color.— Green, usually flavous in preserved specimens. Prothorax more or 
less spotted with white in fresh specimens. Wings hyaline; testaceous at 
apical margins. 

EGG. 

Tooth-shaped; elongated; base rounded; lateral margins slightly curved, 
tapering gradually toward apex, more sharply curved near base; apex bluntly 
pointed. Chorion, vitreus; sculptured, sculpture showing as faint reticu- 
lations Cap, large; lateral margins strongly inflected and meeting at apex; 
sculpture coarse, papilliform, circular in cross-section. Size: Av. length 
1.5 mm.; av. greatest width 0.38 mm.; av. width at cap. 0.28 mm. 


NYMPH. 


FIRST INSTAR: Body small; triangular in cross-section; long; narrow; 
widest at the head, narrowing gradually to anal tube. Prominent tuber- 
osities are borne in pairs on both sides of the median of the several segments. 
Head, large; ventose, face and mouth parts directed downward and_back- 
ward; eyes compound; bearing two stout hairs. Integument rough, - with 
numerous microscopic hairs set on minute papille. Several regularly placed, 


14 This should be Oecanthus nigricornis Walk., as recent investigations have 
shown that O. niveus DeG. lays its eggs singly. 

26 Rpt. Ins. N. Y. 12:889. 1867. 

19 Proc. Ent. Soc. Wash. 3:88. 1892. 

8 Rpt. Ent. Soc. Ont. 17:18. 1887. 

7Kans. Acad. Sci. 10:84. 1886. Ins. Infe, 7:8-14. 1894. U. S. Dept. 
Agr. Bu. Ent. Cir..28, 2d Ser. 1897. 
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long hairs and a number of shorter ones arise from the head and its ap- 
pendages; the longer hairs originate from sizable nipple-shaped tubercles. — 
On the vertex each side of the median and rather widely separated are the 
first pair of tuberosities, much’swollen at the base, gradually contracting for 
about four-fifths of its length, and then abruptly compacting to form the base — 
of a single long hair. Near its apex the tuberosity is surrounded by a num- — 
ber of regularly placed minute spines which give a ringed appearance to the 
projection. 2 

The prothorax bears four tuberosities. The cephalad pair are shorter and 
thicker at the base than the preceding prominences and terminate in a single 
stout hair. The caudal tuberosities are slightly narrower at the point of — 
attachment to the body and forked near the apex. The forward arm bears — 
a single, short, stout hair, while on the other branch is a stouter and very — 
much longer hair. : 

The mesothoraxv has a similar pair of forked tuberosities. The hair arising 
from the cephalad arm is longer and less stout than that on the prothorax. © 
The terminal hair is of about the same size as the corresponding one on the 
preceding pair of prominences. Below and laterad of the lower branch is a — 
single stout spine. 

The metathorax bears one pair of tuberosities similar to those on the pre- 
ceding segment except that it is less stout and has the caudo-lateral margin ~ 
strongly incurved. The stout spine is placed caudo-lateral and is finer and 
longer than the corresponding spine on the mesothorax. 

Abdomen.— The first abdominal segment bears two simple hairs in the ~ 
place of tuberosities. The tuberosities on the other abdominal segments are 
more slender than the forked processes on the thorax and are inclined back- 
ward, slightly at first, continuing more strongly so until the sixth pair is 
considerably bent, with its apical hairs reaching to the tip of the anal tube. 

The caudal tuberosities are short, stout and not branched, but bear a 
cephalo-basal spine and a sizable lateral spine somewhat higher than the 
basal spine. A ring of strong finely-pointed hairs extends around the anal 
tube. 

Three parallel rows of long, stout hairs arise from tubercles close to the — 
caudal margin of each segment. The legs are clothed with, strong, spinous 
hairs. The venter is depressed along the lateral margins, inflated at the 
middle and reaching the level of the lateral margins of the dorsum. 

Color.— Head hyaline, slightly suffused by the brown of the markings. | 
Bases of the hairs very slightly darkened with brown which gradually deepens 
until the color becomes umber. A sooty blotch is present just below the eye. 
A deep suture along the median has a narrow suffused border. The central 
caudal margins of the thorax are clear and just beyond on each side are short — 
bands of lHght chocolate-brown. From the eyes backward extends an irregu- 
lar, broken line of a brownish color. The legs are tinged with brown. 

The abdomen is hyaline with the regular lines of the thorax continued 
backward. The apical margins of the segments are almost clear, then darken, 
forming wide borders which enlarge below. Length 2 mm.-2.4 mm. 

SECOND INSTAR: Body larger; rather strongly arched; the dorsal margin 
abruptly recurved. Integument finely punctured. The simple forked tuber- 
osities have become spinose, with a ringed appearance. Head narrow; face 
flatteried; vertex more compacted, causing an angular appearance between — 
the eyes. Mouth parts directed strongly backward. Eyes compound, spines 
hardly conspicuous. Tuberosities complexly spined, usually. with eight or 
nine hairs; bent strongly forward, often with the terminal hair inclined 
caudad. 

The prothorax is inclined forward. The tuberosities are complex. The 
cephalad pair is the longest and most slender, and bends strongly forward. 
The terminal hair is shorter than that on the caudad tuberosities, which 
incline forward but do not curve. 
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The mesothoracic and metathoracic tuberosities are complex. Those on the 
former are the more slender and inclined forward; those on the latter are 
almost perpendicular and have the terminal hair curved. 

The pair of hairs between the last thoracic and first abdominal tuber- 
osities are simple and set on a rather long tubercle. The hairs are long, 
stout, and curved sidewise. The tuberosities are complexly spined, curve 
caudad gradually and more so than in first instar; those on the last segment 
are small with hairs above. This segment is strongly spinose and the tube 
has a fringe of stout hairs. 

The margins of the venter are flat for some distance; median ventose. 
Color, hyaline, often faintly tinged with pale green, and slightly suffused 
with brown. Bases of hairs usually of a chocolate brown color. Several 
irregular splashes of brown are on the face. Eyes with a transverse irregu- 
lar brown area and a sizable blotch of chocolate brown at the lower frontal 
margin. Prothorax with a transverse band of brown of some width starting 
just behind the eyes and extending caudad. ‘Close to the median and about 
the bases the tuberosities are chocolate brown, and on the sides are dusky 
brown. The remaining thoracic segments are colored in a similar manner. 
The first two abdominal segments are deeply suffused with brown for almost 
one-half of each lateral margin, the remaining segments gradually clearing 
until the terminal segment is slightly suffused with brown in spots. The 
tuberosities are set in patches of dark brown which become fainter above. 
The bases of the spines are deeply suffused. 

Legs with a large spot on each coxa and the apical margin of each tro- 
chanter. A wide band occurs near the apical margin of the femur, also 
spots on the tibia. The apical margins of the tarsi are brown shading to 
dark brown along the other margins. Venter clear. Length 2.5 mm.-3 mm. 

THIRD INSTAR: Body wider; more strongly arched and having the tuber- 
osities more strongly inclined forward, and considerably curved backward 
on the abdomen. Head, flat; mouth parts directed backward and continuing 
the concaved ventral margin of the abdomen. The tuberosities on the vertex 
are more slender, with longer spines than during the second instar, and 
curved to a greater degree than at tuat time. The eyes appear with a rather 
wide margin below. 

Prothorax considerably raised and rounded, with the front compressed, on 
which are situated the first pair of thoracic tuberosities. At the apex behind 
the suture are the second pair of thoracic tuberosities. Directly caudad, on 
the median and at the posterior margin is a sizable nipple-shaped prominence 
which is directed backward. The lateral margins are flattened. 

The mesothorax is compacted at the median. The tuberosities are longer 
than the other thoracic protuberances, are slender and armed with long 
spines; they incline slightly forward. The lateral margins of the segment 
are rounded, extending downward and backward to a blunt point. 

The metathoraxy is much compacted with caudad margins rounded below, 
extended and slightly longer and more rounded than those of the mesothorax. 
The tuberosity is situated close to the margin of the preceding segment. 
It is rather short with the lower spines interlocking with those of the pre- 
ceding tuberosity. 

The abdomen is more completely covered with short spinous hairs. The 
tuberosities are more slender and strongly bent backward with the last com- 
plex pair often reaching the anal tube. The caudal tuberosity is armed with 
much smaller spines and reaches to the end of the anal tube extended. The 
ventral surface of the abdomen is more rounded and the spines are longer. 

Color.— The various markings increase in density and occasional specimens 
exhibit a tendency to become lighter. Length 3.5 mm.-4 mm. 

FOURTH INSTAR: Body more elevated, wider, and more strongly decurved. 
Tuberosities stouter, shorter, and more distinctly bent. Head usually set 
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below the plane of the venter, face flattened. Tuberosities stout, short, 
directed almost sub-horizontal. Hyes large, with margin rather wide. 

Prothorax erect, sub-vertical in front. Tuberosities stouter and well in- 
clined forward; the posterior pair at the apex of the segment. The nipple- 
shaped prominence is not present on the caudal margin, which has become 
raised and rounded and projects over the succeeding segment almost to the 
tuberosities. The mesothoraa and metathorag are raised. On the former the 
tuberosities are stout and arise close to the cephalad margin, and on the 
latter they project almost from the caudal margin. The wing pads are 
sizable. 

The abdominal tuberosities are more strongly curved backward and more 
stocky than before. The last complex tuberosities may not reach the tip 
of the anal tube. Terminal projections almost simple, very short and with 
only two very small spines. Ventrum strongly inflated beyond the lateral 
margins. Color, usually a much deeper brown than before. Length 5-6.5 mm. 

Firru INsTAR: Body thicker; dorsum of abdomen more strongly curved. 
Prothoraz higher, projecting beyond the body, and much elevated. The 
caudal margin is more distinctly keel shaped, often slightly hooked and ex- 
tending backward between the succeeding pair of tuberosities. The meso- 
thoracic and metathoracie tuberosities small, inclined forward and reclining 
on the tip of the prothoracie keel. Wing pads very prominent, produced 
backward. The abdominal tuberosities are very small, bushy, and curved 
strongly backward. 

Color.— Certain of the specimens became a much deeper brown, while 
others were noticeably lighter at this time. Length 7 mm.-$.5 mm, 


HABITS OF ADULT: OVIPOSITION. 


The eggs are usually inserted within the bark of two- or three- 
year-old growth. At the beginning of oviposition a slightly 
curved slit is cut through the outer bark with the ovipositor which 
at first 1s extended at right angles to the body, but which as the 
cutting continues is gradually elevated backward until at the 
end of the operation it rests almost on the abdomen. At the 
commencement of the process the body is elevated on its legs and 
vibrates sidewise, which motion becomes less noticeable, until at 
the end of the operation the abdomen rests on the bark. The 
egos are then inserted. Commencing at that end of the slit just 
finished the ovipositor is forced through the bark to the cambium 
layer and at the same time the abdomen rests on the twig. At 
intervals of from 14 to 2 minutes the ovipositor is drawn forcibly 
forward often partly out of the slit and then reinserted. Subse- 
quently another shorter slit is made which is parallel to the first 
and curves toward it. The eggs are inserted in a manner similar 
to that described for the previous slit. The introduction of the — 
egos is accomplished from the cut which is at the greater distance 
from the eggs. 


PLATE J.— TREES INJURED BY THE BUFFALO TREE-HOPPER. 


1. Effect of severe pruning to remove injured wood. 
2. Unpruned tree stunted by four years’ attacks. 


PLATE IL.—  Eaas, Eaeg-Stirs Anp Scars or Oeresa bubalus FABR. AND 
Stictocephala inermis FABR. 
C. bubalus: 1, Egg-slits; 2, egg-mass; 3, old wounds. (Enlarged.) 
S, inermis;: 4, Egg-scars; 5, egg-mass; 6, old wounds, (Enlarged.) 


ee 


PLATE I1].— Lire-Stacres or Ceresa taurina FircH AND TUBEROSITIES OF 
CO. bubalus FARBR. 


x; 3, nymph hatching; 
4, ego-shells showing cap; 5, ege-parasite, ?. striaticorne Gir. 
C. bubalus: 7, First stage of tuberosities; 6, second stage. 


C. taurina: 1, Eggs in bud; 2. egg-cap protruding 


. 
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Pirate IV.— Feepine Hairs or Nympus or (. taurina Frrcn. 
1, Nymphs on weed; 2, girdling of pear shoot; 3, girdling of leaf petiole; 
4, pimpling of fruit. 


PLATE V.— LIFE STAGES OF Ceresa bubalus FABR. 


1, Egg; 2-6, nymphal stages; 7 and 8. lateral and dorsal views of adult; 


9, last ventral segment of female. (Enlarged. ) 


PLATE VI.— Lire STAGES: or Ceresa taurina FItcH, 


1, Egg; 2-6. nymphal stages; 7 and 8, lateral and dorsal views of adult; 
, last ventral segment of female. (Enlarged.) 


PuATE VII.— LIFE STAGES OF Ceresa borealis FAIRM. 
1, Egg; 2-6, nymphal stages; 7 and 8, lateral and dorsal views of adult; 


PLATE VIII.— Lire Sraces or Stictocephala inermis, 
1-5, Nymphal stages; 6, egg; 7, adult, lateral view; 8, last ventral segment 
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of female. (Enlarged.) 
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The time occupied for the completion of each slit and the plac- 
ing of the eggs is from 20 to 25 minutes and the number of eggs 
varies from 6 to 12 in a slit. 


DESTRUCTIVENESS. 


This is the most injurious of the tree-hoppers that are known 
to oviposit on fruit trees. The injury to the bark between each 
pair of slits does not heal and intercepts the growth at this point. 
With each subsequent year’s development the scars enlarge, assum- 
ing an oval shape from the center of which the dead wood be- 
comes detached. Several successive attacks of the insect con- 
siderably roughen the bark and provide a convenient place for the 
activities of wood-boring insects. Limbs of trees injured in this 
manner become much weakened and break under severe strain. 
Marlatt refers to an interesting infestation of this kind which was 
brought to his notice by the superintendent of Lincoln Park, 
Chicago.’ This occurred on the smaller branches of the cotton- 
_wood, Populus monilifera Ait. (deltoides Marsh), which dropped 
in large numbers owing to the attacks of a boring beetle. An ex- 
amination of such wood indicated that it had been previously in- 
jured by the buffalo tree-hopper. These old scars provided a favor- 
able place for the deposition of the eggs of Oberea schaumi Lec., 
the larvee of which burrowed up and down the twigs, weakening 
and causing them to drop. The most serious effect of repeated 
injuries by C. bubalus is that the bark becomes inelastic, causing 
the weakening and dwarfing of the trees. 
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CHRESA TAURINA FITCH. 


HISTORICAL. 


The earliest record of this insect as a distinct species was made 
by Harris in 1833. Later Walker listed it as Hnchenopa 
taurina in the List of the Homoptera of the British Museum, 
published during 1851.7 The description which gave Fitch the 
credit for the species appeared in 1856.7 In 1873 Riley de 
scribed and figured egg-punctures and nymphs as those of Ceresa 
bubalus,’® which Marlatt later found to be incorrect’ and Riley 
subsequently referred them to Ceresa taurina Fitch.® Marlatt in 
1894 accepted the correction and included a figure of C. tawrina 
Fitch., showing the peculiar egg slits which have since been ac 
cepted as being made by this species.’ 


15 Cat. Ins. Mass. 1835. p. 579. 

16 List. Hom. Brit. Mus. 1851. p. 495. 

17 Rpt. Ins. N. Y. 3:335. 1856. 

18 Rpt. Ins. Mo. 5:121. 1872. : 

Our studies on this insect indicate that Riley was misled into believing 
that the membracid nymphs were hatched from such scars, and that he ob- 
tained the young tree-hoppers from eggs which were in the buds of the wood 
used for rearing the insects. The oviposition he mentioned is accomplished 
by our common, larger leaf-hoppers. Among these may be mentioned Gypona 
cana Burm., and Gypona octolineata Say. | 

7Kans. Acad. Sci. 10:84. 1886. Ins. Life, 7:8-14. 1894. U. S. Dept 
Agr. Bu. Ent. Cir. 23, 2d Ser. 1897. 

19 Proc. Ent. Soc. Wash. 3:88, 1892. 
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TECHNICAL DESCRIPTIONS. 


ADULT. 


Pronotum elevated as in C. bubalus and sparsely hairy; metopidium 
transversely distinctly concave; suprahumerals more terete than in bubalus. 
and very acute, sloping upwards and strongly curved backwards; surface 
rather coarsely and evenly punctate with median carina more distinct than 
that of bubalus; anterior margin less deeply sinuate, with angles more 
rounding than those of bubalus; callosities plainly distinguished; posterior 
portion narrowing more gently than in bubalus, and with the produced 
tip less strongly curved downward, but with the tip strongly recurved. 
Head large, not produced between the eyes; anterior margins of cheeks 
stranght; not reaching the apex of the tylus; tylus large, more acutely 
angular and extending back more than in the previous species, and with 
the apex longer than the cheeks and lorie; anterior margins acutely 
angular and continuing the outline of the head. The last ventral segment 
of the female is much longer than in bubalus; the outer hind angles are 
rounded and much advanced beyond the last segment of the connexivum, 
with the edges strongly oblique and slightly arcuated to the acute median 
notch. The plates of the male are somewhat narrower than in the fore- 
going species and scarcely attain the tip of the anal tube. 

Color.— Green, more or less flavous in preserved specimens. Prothorax 
‘distinctly mottled with white which is more noticeable than in bubalus 
in which the spots are more coalesced. Wings hyaline, more faintly testa- 
ceous at apical margins than in the preceding species. Length 8-10 mm. 


EGG. 


Tooth shaped; elongated; compressed laterally; one lateral margin very 
slightly incurved, nearly straight, and abruptly curved to meet the oppo- 
site side of the base. The other lateral margin is abruptly sub-angular 
near apex; strongly convex near the middle and recurved strongly near 
the base which is bluntly rounded; the apex is flat. Chorion white, vitreus, 
sculptured; sculpture showing as fine anastomosing lines. Cap in the form 
of an inner shell which protrudes through a lateral apical suture as the 
embryo develops. Suture distinct; appearing well down to the embryonic 
eye in advanced individuals. Size: Av. length 1. mm, Av. width .4 mm. 
Just before hatching the eggs are 2 mm. in length. 


NYMPH. 


First INSTAR: Body small; narrow; widest at eyes; narrowing at first 
abdominal segment and from thence gradually to the tube. Prominent 
simple and forked tuberosities are borne as usual on each side of the median 
of the several segments. Head, medium; well rounded, somewhat com- 
pressed laterally; face and mouth parts not directed as strongly down- 
ward and backward as in bubalus; integument roughened, without micro- 
scopic hairs. Several regularly placed, long hairs arise from the head 
and its appendages and originate on sizable nipple-shaped tubercles. The 
first pair of tuberosities (on the vertex) are simple and lack the spinous 
hairs which occur on the nymphs of bubalus, and which give then a ringed 
appearance. The tuberosities appear to be roughened but not ringed. On 
the eye are situated two sizable hairs which are near to each other and 
and to the forward margin. 

The prothoracic tuberosities are simple, the cephalad pair being some- 
what more slender than those preceding, while the other pair has a small 
spine arising from just below the base of the terminal hair, 
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The mesothoracic tuberosities are stouter than the preceding pair and 
the forward hair is longer and arises from a distinct fork, laterad and 


below which is a single “short spine. 


The metathoracic tuber osities are as usual, and have a slender, latero- 4 


caudal spine near the base. 
Spines and hairs.— On the first abdominal segment no spines are present. 


The second segment has a pair of simple hairs, and the other segments — 
have the forked tuberosities as usual. On the anal tube the tuberosities — 
are simple and bear near the base two hairs of about equal length, oppo- — 


site, caudo- and cephalolateral respectively. The extrusible tube has a fringe 


of rather coarse hairs. Extending across the thorax and abdomen are he ; 


rows of long, simple hairs. 

The legs are clothed with hairs as usual. 

Color.— Vitreus, transparent; tarsi tinged with fuscus; no markings on 
body. Length 1.5 mm.-2 mm. 

SECOND INSTAR: Body longer, arched, and having the dorsal margin of 
the abdomen strongly rounded and not usually recurved. Integument finely 


punctured The simple forked tuberosities have become compound, with 


see as 
Race pee: 
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several spines arising from the sides, and having a ringed appearance near 


the apices. Head large; face round; vertex angular, flattened above the — 
eyes. Eyes compound, spines situated rather closely together at apex. 
Mouth-parts directed downward. ‘Tuberosities rather long and slender with — 
“one short hair on the forward margin and two smaller hairs near the 


center of the hind margin. ‘The tuberosities are bent forward and the 
terminal hairs curved backward. 
Prothorax not noticeably inclined forward. The tuberosities are com- 


plex, with two or three spines cephalad and two caudad. ‘The terminal — 
hairs are of the same length and may bend toward those in front or be 


perpendicular. 


The meso- and metathoracic tuberosities are complex, usually. with a 
greater number of spines than on those preceding and having the terminal 


hairs curved or erect. 


The first median abdominal projections are simple hairs, which are very ‘ 


small. 

The first pair of tuberosities has one spine on its caudal surface, the 
second has one spine caudad and opposite to it is a rather long lateral 
hair; the next three pairs have two spines on the caudal margin, while 


the last pairs of tuberosities have three spines in a similar position. The ' 


tuberosities gradually curve until the last pair is considerably bent, and 
these extend backward for about three-quarters of the length of the anal ‘tube. 


The anal tuberosities have two small hairs on the margins which extend 
backward almost parallel with the tube and are slightly curved upward — 
with the terminal hair strongly recurved. “ The last segment has on its — 
surface several rows of regular slender spines; it is not spinose. Venter © 


as usual. 
Color.— Pale green on head and body, the appendages being translucent. 
Length 2.5 mm.-3 mm. 


THIRD INSTAR; Body longer and wider; tuberosities considerably curved 


forward and backward. Head much compressed cephalo-caudad; vertex 


narrow, angular. Mouth parts usually directed backward. Tuberosities _ 
on the vertex are slender, strongly curved forward and downward and ~ 
with spines few in number. The eyes are as usual with apical hairs hardly 


conspicuous. 


Prothorax considerably raised, with forward margin inclined cephalad . 


and bearing the second pair of tuberosities which are- longer than the pre- 


ceding and only slightly less strongly curved. Behind and at the apex ; 
of the segment is the third pair of tuberosities which are only slightly — 
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curved; the spines are slender. Directly caudad, the median is slightly 
raised to the margin and not considerably elevated as in bubalus. 

Mesothorax not compacted; caudo-lateral margin extending backwards. 
The tuberosities are somewhat more slender than those preceding, incline 
forward and are situated at the caudal margin. 

Metathoraz not compacted; caudal margins strongly rounded from about 
the middle, to form the wing pads. The tuberosities are at the margin of 
the preceding segment and are about the same length and curved slightly 
_ backward at the tip. 

The abdomen is covered with minute spines and bears long hairs only 
at the ventral margins. The median pair of hairs has become nearly obsolete. 
The first pair of tuberosities is strongly curved forward and bent back- 
ward while those behind are strongly curved, caudad, the last pair reaching 
the tip of the anal tube. Ventral surface as usual. 

Color.— Pale green; caudal margins of the abdominal segments with a 
prominent band of a burnt Sienna tint. Legs, femur and tibia hyaline 
with a strong tinge of green cephalad; the tarsi have a strong dusky tinge. 
The tuberosities have become dusky or nearly so. The color is sharper and 
well defined from that of the food plant. Length 3.5 mm.4 mm. 

FOURTH INSTAR: Body more elevated and strongly curved. Tuberosities 
more slender and strongly curved behind and inclined forward. Head situ- 
ated above the plane of the venter; much compressed. Eyes large, forward 
hair prominent, the other hardly visible. 

Prothorax higher, with horn distinct and _ projecting backward; not 
rounded. ‘The first pair of tuberosities situated at the cephalad margin, 
and well bent forward; the posteror pair is at the apex of the segment 
and is inclined toward the head. Mesothoraxw larger, compressed at the 
median with the tuberosities inclined forward and curved upward at the 
tips. Metathorax of good size with the tuberosities slender, inclined for- © 
ward, and with the apices curved back. Wing pads strong. 

Abdomen without spines and with the first pair of median projections 
nearly obsolete. The tuberosities are slender and strongly curved, the 
last pair not reaching the tip of the anal tube. The terminal projections 
are stout and directed backward and upward. It has several hairs on 
the surface. The venter is strongly rounded and spinose. 

Color, pale green, concolorous. The tuberosities and spines of the head 
are black. Those of the prothorax black at the tips. The meso- and meta- 
thoracic spines are clear faintly suffused with black, while the abdominal 
spines are clear excepting the three caudal pairs which are black at the 
tips, the last pair being entirely black. The legs are light green with tarsi 
of a deep dusky tinge. The amber colored margins are prominent but 
narrow. Length 5 mm—6.5 mm. 

FIFTH INSTAR: Body very much longer; head for the most part pro- 
jecting below the line of the body; tuberosities of good length and stout, 
usually bent down. The spines on the eyes are present and situated for- 
ward. Prothorax nearly erect and curved backward to the second pair of 
tuberosities which are situated at the caudal margin and are strongly 
curved. The posterior margin is distinctly keel shaped and extends con- 
siderably caudad between the tuberosities of the methathorax which incline 
strongly forward but do not recline on the tip of the keel. The abdominal 
tuberosities are long and slender and curved strongly backward, the last 
pair being almost level with the tube. The anal tuberosities are short, 
point upward and backward and have’ several lateral and ventral spines. 
Color pale green with a deeper green tinge. The bases of the spines deeper 
green and the tips are black. The anal segment slightly tinged with fuscous. 
Legs hyaline with a greenish tinge and the tarsi somewhat suffused. The pro- 
thoracic horn is tinged at the tip with amber and the mouth parts are 

suffused with green, Length 7 mm.—7.5 mm. 
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HABITS OF THE ADULT: OVIPOSITION. 


The eggs of this species are deposited usually in buds of trees 


that are in bearing. In selecting a nidus for the eggs, the female — 


commonly chooses the blossom buds or the more swollen terminal 
buds. The eggs are inserted within the outer bud scale and 
rarely inside of the second scale. They are placed perpendicu- 
larly and close together, with the margins contracted, and usually 
in rows of from four to six eggs. Quite frequently two or even 
more short rows occur in a fruit bud, with often but two eggs 
together. It is not uncommon to find a single egg within one bud 
scale, either alone or separated from others in the same bud. 
_ QOviposition is accomplished by the thrusting of the ovipositor 
between the bud scales and for some distance into the tissue at 
_ the base of the bud. The eggs are then placed in position and are 
firmly attached to the wood. About one-fourth of the egg is 
encased in the tissue, the remainder protruding freely and being 
entirely protected by the bud scales. 


DESTRUCTIVENESS. 


The incisions made within the buds by this species should, 
apparently, seriously affect the new growth. No injurious effects 


have been noticed even where the eggs have been numerous — 


enough to encircle the bud. 
In the breeding cages adults fed upon pear fruits, causing the 
surfaces and stems to become considerably elevated around the 


feeding punctures. Under ordinary orchard conditions such — 


injuries will not be noticed. 
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CERESA BOREALIS FAIRM. 


HISTORICAL. 


Since the time of Fairmaire, most writers have mentioned this 
species as a synonym of C. bubalus Fabr. The original descrip- 
tion appeared in 1846,°° from which date we have little published 
data concerning this very common insect. Our recent studies 
show that the species is distinct in its habits and taxonomic char- 
acters. . 


TECHNICAL DESCRIPTIONS. 


ADULT. 


Pronotum not as highly elevated as in bubalus or as in taurina, and 
more hairy than the latter; metopidium transversely flat; suprabumerals 
rather long, terete or nearly so. Surface finely, evenly, punctate. Carina 
not as prominent as in taurina. Anterior margin deeply sinuate as in 
.bubalus and subangulate at the eyes. Callosities plainly distinguished. 
Posterior portion narrowing gently, strongly recurved and short but reach- 
ing tip of abdomen. Head small, not produced between the eyes. Anterior 
margins of cheeks slightly rounded reaching the apex of the tylus, which 
is large. Clypeus triangularly produced beyond the line of the cheeks. 
The last ventral segment of the female a little longer than the sixth seg- 
ment of the connexivum, which is rounded. The posterior margin is slightly 
oblique and feebly rounded or truncated on both sides of the broad, trian- 
gular, median notch. The plates of the male reach the tip of the tube. 
Color dark green, flavous in preserved specimens. Prothorax distinctly 
spotted with white which is more apparent on the sides and is somewhat 
coalesced between the eyes. Wings hyaline somewhat testaceous at apex. 
Length 7-8 mm. 


20 Ann. Soc. Ent. Fr. 4:284,. 1846. 
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EGG. 


Tooth-shaped; elongated; compressed; rather strongly incurved along 
one margin which. is distinctly recurved to meet the opposite side at the 
apex; opposite surface strongly convex to the rather sharply pointed apex; 
base bluntly rounded. Chorion white; vitreus; sculptured; sculpture appears 
as delicate pentagonal markings. Cap within shell at apex; protruding 
through a sizable apical suture as the embryo becomes mature. Suture 
distinct; base extended almost to the middle of the margin. Size: Ay, 
length 1.3 mm. Av. width 0.3 mm. 


NYMPH. 


FIRST INSTAR: Body hardly as long or as stout as in taurina. Body 
widest at the thorax, gradually narrowing to the tube which is smaller than 
in the preceding species. Head ‘rounder and more ventose. ‘Lhe tuberosities 
are about the same in size but with the terminal hairs and branches more: 
finely pointed. ‘The spines on the eyes are situated at the top and some- 
what forward. The third spine of the mesothoracic tuberosities is situated 
lower on the margin than on taurina. The caudal tuberosities are more 
slender and have the spines nearer to the base than the above species. 
The apices of the tuberosities are ringed. The venter is as usual. Color, 
hyaline, with areas of reddish brown on the head. The thoracic margins 
somewhat tinged and the lateral angles and bases of the longer hairs more 
strongly colored. ‘The abdomen is slightly tinged with reddish brown and 
the bases of the larger hairs are strongly suffused. The tuberosities are 
slightly tinged with fuscous which is deeper at the base. The legs have 
a band of fuscous just behind the apical margin of the femur, and the tibia 
is spotted. Length 1.4 mm.—2 mm. 

SECOND INSTAR: Body somewhat stouter; tuberosities bushy; segments 
spinose more like bubalus. Head not compressed, ventose, spinose, and not 
projecting below the line of the body. Tuberosities slender and _ bushy. 
Prothoraw considerably raised but not as highly arched as in the preceding 
species. Tuberosities close and not as strongly curved as on taurina. Meso- 
thoracic tuberosities at the caudal margin rather stout at the base and 
extending almost directly upward. The metathoracic tuberosities are situated 
on the middle of the segment and usually interlock with the preceding pair. 
The simple hairs on the median of the abdomen are sizable and stout. The 
tuberosities are more strongly ringed and curved slightly back near the 
apex. The caudal tuberosities are stout and strongly curved, the last pair 
often reaching the tip of the tube. The anal pair are more tapering than 
in taurina. The integument is coarse and spiny. The legs are spinose and 
the venter is swollen. Color, hyaline; head with brownish spots at the base — 
of the larger hairs with the darkened area extending over the head. Pro; 
thoracic lateral angles deeply suffused and with a distinct, brownish band 
extending backward over the abdominal segment. The margins of the mesa- ~ 
thorax are the same with a clear area between them. The color becomes 
lighter and the last abdominal segment is clear. The tuberosities are suf- 
fused, their bases being deeper. The median of the anal segment is suffused — 
and the tip is dark. The legs are spotted and tinged with brown. 
Length, 2.5 mm.-3 mm. 

THIRD INSTAR: Body much smaller than taurina and less abruptly curved. 
Tuberosities more strongly inclined forward and those behind are about 
the same. Head subangular, flat, compressed laterally. Mouth parts directed 
backward. Tuberosities short and bushy, intermingling with the hairs on 
the vertex. Eye spines stout. Prothorar arched, tuberosities finer and 
shorter than those of taurina. Meso- and metathorax compacted, with the 
tuberosities rather short, tapering and intermingling. Abdominal median 
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hairs small and stout. The tuberosities bushy, curved caudad and having 
the hind pairs intermingling with each other, and the last pair intermingling 
with the median spines of the anal tube. Caudal tuberosities long and 
slender and more erect than in taurina. ‘Three rows of spines cross the 
sides of the abdomen the ventral margins of which are spinose. Color.— 
The head, thorax and abdomen have a marginal suffusion of brownish black 
especially in the caudal angles. A distinct band of the same color, varying in 
density crosses the abdomen on both sides. The tuberosities are slightly 
tinged with the same color. Length, 3.5 mm.—4 mm. 

FourtH instar: Body longer; thicker than taurina. Head spinose; 

tuberosities not curved, but directed outward and upward. Prothorax more 
erect; not higher than the body; tuberosities stocky, bushy, and inclining 
forward; horn pronounced, not as distinctly elevated as in taurina. Meso- 
thoracic and metathoracic tuberosities closely intermingling and _ inclined 
cephalad. Abdominal tuberosities rather slender and bushy, but do not 
interlock; the last pair being almost parallel with the anal tube. Anal 
tuberosities short, slender, and having one spine above and three spines 
peneath, but without the basal spine as in bubalus; the alternate spines are 
‘somewhat more lateral than ventral, as in taurina. Venter swollen, lobes 
prominent. Abdominal margins spinose. Color, head and prothorax dark 
brown entire. Face less densely brown to hyaline. Mesothoracie caudal mar- 
gins brown, becoming less dense cephalad; angles clear with suffused areas. 
Metathorax faintly suffused near and to the tuberosities. Abdominal band 
deeper brown, becoming less deeply colored caudad. Caudal margin of last 
segment, median of abdomen, and the tuberosities more or less deeply suf- 
fused. Length, 5 mm.—5.6 mm. 
_ Firtn instar: Body large; head small, projecting somewhat below the 
body. The tuberosities on the vertex almost atrophied, and the simple hairs 
are longer. Prothoraw vertical, considerably raised; horn large, strongly 
eurved, and reaching the metathoracic tuberosities which are short, fine and 
inclined cephalad. They recline on the mesothoracic tuberosities. Abdomi- 
“nal tuberosities close together at the base, stout and those cephalad leaning 
forward while the remaining ones are curved ¢audad and are short. The 
anal pair are short and fine. The wing pads are strong. The legs are spinose. 
Color, deep brown. The surface is almost entirely suffused and within 
are small areas of hyaline or greenish tinge. The cephalad segments of the 
abdomen are deeply suffused at the anterior margins. Large dark areas 
occur beneath the eyes, the thorax, and on the legs. The tuberosities are 
deeply colored. Length, 6 mm.—-7 mm. 


HABITS OF THE ADULT: OVIPOSITION. 


This species oviposits in the buds of the trees in a manner 
‘similar to that of C. taurina. Occasional instances have 
been noticed in which the younger wood seemed to be preferred 
for this purpose. In such cases the eggs were placed between 
the buds and the portion of the stem immediately behind the bud. 
_ The deposition of the eggs is accomplished by the same process 
which has been described for C. taurina. The only external 
differences by which the eggs of the two species may be recog- 
nized is in the greater depth to which those of borealis are 
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inserted, and their slightly smaller size. The effects of the 
punctures on the buds seem to be of little consequence. : 


BIBLIOGRAPHY OF CERESA BOREALIS FAIRM. Be 
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STICTOCHEPHALA INERMIS FABR. 


HISTORICAL, 


The original description of this species was published in 1794 
by Fabricius.*t From that date occasional records of the oceur- 


rence of the insect appeared, until 1856 when Fitch made a 


2 Subsequently 


reference to the egg slits and eggs of this species.* 
a number of writers have mentioned the species and have given 
a taxonomic discussion of the adult, but apparently no descrip- 
tion of the habits of the insect has been published. It is not 
uncommon to find figures of the peculiar egg scars of this species 
illustrating an article on Ceresa bubalus. Injuries to the bark by 
S. inermis are so characteristic that there is no occasion for con- 


fusing them. 


TECHNICAL DESCRIPTION. 


ADULT. 


Face large and impunctate; surface finely and closely striate between 
the ocelli and the eyes. Clypeus and lorie short and rounded at the 
apex and very nearly continuing the arcuated cheeks. Metopidium obvi- 
ously widening above to rounded suprahumerals. femora generally black 
above, which marking is occasionally absent. The last ventral segment 
of the female broadly, and angularly, but not deeply excavated behind. 
Wings rather strongly suffused at apex. Color of prothorax and abdomen 
green. Appendages lighter. Length, 6.5 mm.-9 mm, . : 


EGG. 


Wedge shaped; elongated; cylindrical; compressed laterally toward apex; 
broadly expanded below; abruptly narrowed at base which is_ bluntly 


21 Ent. Syst. 4:15. 1794. 
22 Rpt. Ins. N. Y. 3:360. 1856. 


109 


wedge shaped; margins more or less strongly curved. Chorion vitreus; 
transparent; white; apex deep purple in well developed specimens. Size: 
‘Ay. length 1.5 mm. Av. width 0.4 mm. 


NYMPH. 


First INSTAR: Body long; rather more like bubalus than tauwrina or 

borealis; widest at the eyes. Head somewhat compressed cephalo-caudad, 
oblique and rounded; mouth-parts directed downward and backward. Eyes 
with three spines situated near the margins. Hairs on the face long and 
stout and curved forward. Tuberosities stout and unbranched, and becoming 
noticeably contracted at the apex to form a sizable collar from which arises 
the terminal hair. At the apex the tuberosities are rather coarsely, minutely 
spined, which gives the appearance of a series of rings. Prothorax wide; the 
forward tuberosities are not branched and shorter than the second pair, which 
are long and stout. The mesothoracic tuberosities are stout and have a very 
long spine just below and laterad of the fork. Metathoracic tuberosities 
noticeably swollen at the fork and bear a fine spine at the base. The median 
abdominal hairs are long, reaching almost to the fork of the succeeding tuber- 
osities, which are as usual. The terminal hairs on the tuberosities are 
strongly curved caudad, the last pair overreaching the anal tuberosities, 
which bear two opposite spines near the base. The hairs of the upper abdom- 
inal row are unusually long. Color.— Head deep purplish brown, appearing 
almost black to unaided eyes. From prothorax backward is a distinct band, 
which becomes fainter caudad. The tuberosities are more or less suffused. 
The body is for the most part hyaline. Length 1.5 mm.—2 mm. 
SECOND INSTAR: Body longer; tuberosities complex. Head compressed 
cephalo-caudad; rounded between the eyes; spinose; eye spines less promi- 
“nent; tuberosities rather slender, strongly ringed, and more noticeably 
swollen at the base than during the first instar. Prothoracic tuberosities 
equally long, strongly ringed, and with the branches long and stout. The 
mesothoracic and metathoracic tuberosities are about the same in size as 
those preceding. The median abdominal hairs are short and the tuberosities 
are almost straight cephalad, and inclined gently behind with the last patr 
overreaching the anal tuberosities, which are of a medium size and slender, 
with two short, fine spines near the middle. Anal tube and body strongly 
spined. Venter as usual. Color.— Body hyaline, somewhat vitreous. Head 
and prothorax darker than before. The remaining segments are more or less 
spotted and diffused with the same color. ‘The tip of the tube and the tuber- 
osities for about half their height are slightly infuscated. Length, 2.5 mm.- 
3 mm. 

THIRD INSTAR: Head somewhat compressed; ventose. Dorsal margin as 
usual. Prothoracic tuberosities long and stout. Caudal margin of pro- 
thorax distinctly raised. Tuberosities of mesothoraw and metathorax taper- 
ing; spines intermingled; tuberosities spinate not arboriform; inclined forward. 
Abdominal hairs short and stout. Tuberosities long; stout at base; curving 
gradually backward; the last pair does not overreach the anal pair, which 
are small: Body spinose. Color. Hyaline to pale greenish tinged; face 
strongly testaceous; anal tube darker at tip. ‘Tuberosities testaceous; legs 
clear or faintly tinged. Length 4 mm. 

Fourtu instar: Body strongly curved; large; very spinose. Head partly 
below the line of body; compressed; vertex sloping; mouth parts angular. 
Prothorax well erected, the second pair of tuberosities at its apex; they are 
Spinate. The next four tuberosities are stout, and their spines intermingle. 
Median abdominal spines not noticeably different from other spines on ab- 
domen. Tuberosities long; slender; curved backward. Color.— Strongly 
testaceous on head and median of thorax; otherwise body hyaline or more 
or less strongly tinged with green. Tuberosities faintly suffused. Length 
5 mm.-5.5 mm. 
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FIFTH INSTAR: Body large; strongly undulated along the median; spinose. 


Head rounded, ventose; sometimes flattened; tuberosities small, stout, 
spinate. Eye spines numerous. Prothorax elevated; keel sharply rounded; 
hooked; spinose; tuberosities long, slender, curving forward in front while 


those behind curve. back at the apex. Other thoracic segments of good size 


with the tuberosities leaning forward. Wing pads of large size. Abdominal 
tuberosities long, slender, spinate, and curve more or less strongly caudad; 


anal pair slender, of good size, and point directly backward. Tube and ab- 


domen strongly spinose. Venter round. Color, faintly testaceous on head . 
and front of pronotum. ‘Tuberosities, often faintly suffused. Body hyaline © 


or strongly pale green. Length 7 mm.—8 mm. 


HABITS. OF THE ADULT: OVIPOSITION. 


When ready to oviposit the female selects a twig of two- or 
three-year-old growth and slits the outer bark diagonally for a 


short distance. The ovipositor is then thrust for its entire length 


beneath the bark, usually directly across the stem, which raises — 
the epidermis above the surrounding tissue. The ovipositor is” 
then partly withdrawn, moved forward, and again inserted; this — 
time at a somewhat different angle. There is now formed a 
thickened basal portion with two digits. The process continues 


with the angles of radiation widening until four or five incisions — 


re 


have been completed. The primary slit remains about the same 
in length during the entire operation. The result of this work 


is the production of a scar very similar to a metacarpus with its — 
digits rather widely extended. The epidermis raised by this: 


wo, 
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process is distinctly lighter than the surrounding tissue and is — 


of a yellowish color. As the season advances the tissue thus 
loosened becomes partly or entirely free from the uninjured ~ 


epidermis and gradually rolls or is entirely freed from the stem. — 
By this time the bark beneath the “ paim” ‘has blackened, and — 


become corky. 


After the epidermal layer has been loosened, a more or ee 
oblique incision is made through the bark to the wood. This slit 
is fan shaped, rather narrower than the “hand” and is situated — 
directly beneath the broad portion of the scar. The base of ! 


the cut does not reach to the digits. 


The eggs are inserted after the completion of the slit. Foch 


is placed separately, and those succeeding are put close together 
_ with bases wide apart and apices compressed to fill the neck of 


5 


E 
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the incision. The eggs are entirely concealed by the toughened 
bark above, and the opening of the slit is only slightly noticeable. 
The numbers of the eggs deposited within each nidus is some- 
what variable. The average number appears to be eight although 
three have been found in many instances. In any case the num- 
ber of eggs to a single slit bears a definite relation to the digits 
of the exterior scar. The larger the number of fingers on the 
“palm,” the greater the number of eggs which are beneath. 


DESTRUCTIVENESS. 


The abundance of this species and the numbers of the scars 
which may be found on the twig would lead one to believe that 
it is capable of doing considerable damage. DBiut examinations 
of the wounds of S. mermis made during the advancing season 
showed that such is not the case, for the inner tissue continues 
alive and there is not the dead area between the slits which 
occurs in the scars caused by bubalus. ‘Trees which have been 
repeatedly cut’ by S. inermis do not exhibit the cumulative ill 
effects commonly noticed from the work of the buffalo tree-hopper. 
The wounds may be observed throughout the season following 
Oviposition, or even later, but they apparently do not materially 
affect the growth of the tree. ) 
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Page 116, line 1, omit “‘in this connection.”’ » 


| Page 121, last line, read “‘part of July” instead of “‘part of 
onth.”’ 


Page 123, line 12, omit ‘‘of shoots.” 


Page 132, line ro from the bottom, read ‘‘ends of the tubes”’ 
stead of “end of the tube.”’ 


Page 143, line 11 from the bottom, read “larva” instead of 
upa.”’ : 


Page 145, line 4, insert “1908” after ‘‘May- 18.” 
| Page 147, line 8, omit ‘“‘with.”’ 


_ Page 158, line 8 from the bottom, read “‘millimeters”’ instead 
“centimeters.”” ' 
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PREFATORY NOTE, 


The occurrence, in the Hudson Valley, ofa destructiye bligh We | 
- or wilt of currants was discovered by Mr. D. G. Fairchild in 1891 


“sterile”? fungus. In 1896 currant growers at ; 


and aseribed to a 
Marlboro brought the disease to the attention of this Station. — - ba 
this time, Dr. E. J. Durand of Cornell University was investi- 
gating a similar currant disease found in western New York. His 
epee: were published, in 1897, as Bulletin No. 125 of the Cornell 
Experiment Station. The fungus, Nectria cinnabarina, wa 
named as the cause of the disease. Extensive field observation 
made in 1899 by the writer of this note convinced him that the 
currant blight occurring in the Hudson Valley is not caused by 
Nectria cinnabarina, but by Fairchild’s “ sterile” fungus. Dee 
Durand’s attention was called to this and he was urged to mak 
further study of the disease, but his time was then so fully o 
cupied with teaching as to make it impossible. Finally, it 
arranged that his associate, Dr. B. M. Duggar, should make — 
investigation. Dr. Duggar commenced work on it in the spr 
of 1900 and continued until the autumn of 1901, when his 
moval to Washington, D. C., and subseqienae to Missouri, 
necessitated its discontinuation: During the next few years cur- 
rant growers repeatedly urged this Station to resume the invese 
gation. However, nothing was done until the spring of 1907, when 
Mr. Grossenbacher came to the Station, and was assigned ‘he s 
ject for special investigation. About the same time Dr. Dug, 
returned to Cornell and arrangements were made for him 
collaborate with Mr. Grossenbacher. This bulletin is the result. 
The causal organism has been definitely determined, its life history 
traced and some important points in its biology discovered. Ti 
believed that, finally, the foundations of an accurate knowledg 
of the disease have been laid: Two experiments on the control 
the disease are in progress at Milton, but it will be several yet 
probably, before a final report on them can be made. 7 
EE Srewart. 4 
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A CONTRIBUTION TO THE LIFE-HISTORY, PARA- 
SITISM AND BIOLOGY OF BOTRYOSPHAIRIA 
RIBIS. 


J. G. GROSSENBACHER anp B. M. DUGGAR. 


SUMMARY. 


This fungus infects and kills young currant shoots about the 
time they have completed their elongation growth (about mid- 
summer). It causes older branches and parts of bushes to wilt 
throughout the summer, due to a further advance of the fungus 
from twigs or side-shoots infected during former seasons. The 


appearance of numerous brown-leaved, dead parts of bushes in a 


it was regarded as a “sterile fungus, 


plantation doubtless leads fruit growers to call the disease a 
blight. 

When this disease was first known, the organism producing 
” spores having been ob- 
served neither on currants nor in pure cultures. As a matter of 
fact, there is no spore form present when a branch wilts except 
sometimes at the point where the parasite entered. This investi- 


gation has shown, however, that three types of spores are de- 
‘veloped on the host, although the fungus usually remains sterile 


in pure cultures. 
When young shoots incompletely hardened are killed by new 


infections, the fungus usually develops its simplest spore-form on 
_the withering tips. In early summer of the season following the 
‘blighting of bushes the dead stems exhibit numerous more or 
less complex, black, spore-bearing bodies broken through the 
outer bark. These bodies contain a second type of spore, and 
_they commonly produce also a third type a little later. 


Several fungi may appear saprophytically on the.dead bushes. 


* One of the most prevalent of the saprophytes (Nectria cinna- 
_barina) has been erroneously considered the cause of the disease. 
As a result of the extensive inoculation experiments undertaken 
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in this investigation, two facts require notice in this connection: — 
(1) Nectria cinnabarina is not parasitic on currants; (2) associ- 
ated with the causal species of Botryospheria there is a form of 
the fungus morphologically similar which seems usually to be a — 
saprophyte. Early in 1908, while growing on a great variety of — 
culture media, sub-cultures of the fungus obtained at different — 
times from the pith of currant stems blighted during 1907, the 
parasitic form was easily distinguished from the closely related 
saprophytic associate by a physiological characteristic,— the 
pathogenic species producing a purplish-pink color on alkaline 
starch-paste. | 

Since the study of the life-history of this fungus shows that 
the spores are produced on dead stems and branches of the host 
from early to late summer, and since currants seem to be most 
commonly infected about mid-summer or a little later, it appears 
highly probable that the disease induced may be considerably 
checked or reduced by carefully pruning blighted plantations 
during the month of May, instead of practicing winter-pru-_ 
ning, as is at present customary. The prunings should be burned ~ 
before the end of May, instead of allowing them to remain in ~ 
heaps about a plantation throughout the summer. 


INTRODUCTION. 


A GENERAL VIEW OF BOTRYOSPHAERIA BLIGHT AND OF ITS CAUSE: 


This disease of currants is called a blight by fruit growers be ~ 
cause apparently normal branches or even whole bushes die sud- 
denly during summer and become conspicuous on account of their 
adhering, browned leaves. It seems to be most prevalent and 
destructive in the Hudson Valley about Milton, Marlboro and — 
Highland, N. Y., but it was also found present in some currant 
growing localities in other regions of the State. Although the dis-— 
ease seems to affect mainly the cultivated varieties of Ribes” 
vulgare it has also been found on cultivated varieties of R. mgrum 
and R. Grossularia, and possibly it is more apparent on the ~ 
varieties of R. vulgare only beeause they are grown much more : 
extensively than the varieties of both the other species together. — 


may 


ihye 


This blight is induced by a pleomorphic fungus, a species of 
Botryospheria, which infects young shoots from mid- to late-sum- 
mer, usually killing the distal ends, and remains dormant during 
the winter in such shoots. When the host resumes vegetation in 
spring the parasite also progresses basipetally, invading all woody 
structures encountered. As the season advances, normal branches 
and even the whole of main stems (when the fungus enters them by 
a lower side-branch), are blighted by the progress of the fungus. 
On the withering tips of shoots which, while still somewhat suc- 
eulent, are killed by new infections or invaded by mycelium ad- 
vancing from a former infection, Macrophoma fructifications 
usually develop. On the maturer parts of the host, killed by the 
further advance of the fungus, black, botryose stromata are de 
veloped in late summer and autumn and bear sporulating pyenidia 
and perithecia during the following summer. 


HISTORICAL SUMMARY OF THE DISEASE. 


Early observations.—As a result of the early preliminary obser- 
vations on this disease and the causal organism, the parasitism of 
the fungus was made apparent, but none of the spore-forms was 


“sterile fungus.” * 


found, and the fungus was therefore called a 
The presence of Nectria cinnabarina on dead stems in diseased 


plantations and the apparent scarcity or absence of the fructifi- 


cations of the causal fungus ai certain times no doubt led to the 


view that the disease is due to Nectria cinnabarina.’ Extensive 
inoculation experiments have definitely established the patho- 


-genicity of the “sterile fungus” and more limited tests during 


‘two years have shown that neither Nectria cinnabarina nor its 


conidial Tubercularia is parasitic on Ribes vulgare when in- 


ee 


troduced into fresh wounds of the host. 


1. D. G. Fairchild. Notes on a new and destructive disease of currant canes. 
Bot. Gaz. 16:262. 1891. 
Rept. Sec. Agr. 1891:368-70. 1892. 

F.C. Stewart and F. H. Blodgett. A fruit-disease survey of the Hudson 
Valley in 1899. N. Y. Agrl. Expt. Sta. Bul. 167:292-4. 1899. 
2. —. J. Durand. A disease of currant canes. N. Y. Cornell Expt. Sta. 
Bul. 125:23-38. 1897. 
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The present imvestigation was begun during the summer of 
1900 and followed somewhat intermittently, with occasional visits 
to the infected localities of the Hudson Valley, until the latter 
part of 1901. It was taken up again in early summer of 1907 and 
continued with but a few short intermissions throughout the past — 
four years. Observations made during the early period of this 
work indicated that the causal fungus produces black, botryose — 
stromata which may contain both pyenidia and perithecia. Isola- a 
tion cultures were made from the spores of these fruit-bodies, and : 
a mycelium was obtained. Material from this first isolation was 4 
inoculated into healthy shoots, giving entirely negative results. : 
Similar cultures obtained from a later isolation yielded a fair per- é 
centage of effective inoculations; while every inoculation made 4 
with mycelium isolated from a recently blighted stem proved 
effective. This difference in behavior was at the time wholly un: 
explainable. In the later more extended period of the investiga- — 
tion the same irregularity was encountered in the results of inocu- é 
lation experiments; it was then shown, however, that there are — : 
two physiologically distinct fungi in this morphological species. : 
Both forms are present on the bushes of a blighted eee yet 
only one of the forms is an active parasite. — : 

Acknowledgments.— While many persons have given aid 3 in one 
way or another during this investigation, special scknowledeniall 
should be made to the following: G. G. Hedgecock, W. A. Orton, — 
H. S. Reed, C. Thom and F. A. F. C. Went, for contributing z 
cultures of chromogenic fungi; G. F. Atkinson, G. Lindau, P. A. ~ 
Saccardo, C. L. Shear and R. Thaxter, for opinions on the validity \ 
of the genus Botryospheria and on the nomenclatorial autonomy ~ ‘ 
of the secondary spore-forms of a pleomorphic fungus; J. B. Sam i 
Norton, for collections of currant stems bearing sportlafail 
stromata of the blight fungus; E. Bartholomew for contributing ~ 
a part of the type specimen of Dothiorella ribicola K. & B., and 
also for comparing the Dothiorella-form of the blight fia with | 
Dothiorella ribicola; and special thanks are due F. C. Stewart for 
_ making numerous collections in blighted plantations and for cule 
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GENERAL DESCRIPTION OF THE FUNGUS AND OF 
THE DISEASE INDUCED. 


AS OBSERVED IN DISEASED PLANTATIONS. 


- A brief yet complete description of this disease and of the 
different spore-forms of the fungus causing it cannot be given 
satisfactorily, since both fungus and disease undergo considerable 
changes during a growing season. Probably the best way to give 
a fair idea of the appearance and development of organism and 
“disease is to follow them briefly throughout the growing season. 
_ In April and May the shoots infected during the previous 
summer, of which a distal 0.5 — 4 dm. had died, were found to 
have small black stromata breaking through the periderm in more 
or less regular rows to within about a centimeter of the living bark. 
The shriveling distal tips of such shoots exhibit no stromata, 
although they often show slight sclerotic enlargements about the 
“numerous old Macrophoma pyenidia which had been developed in 
_ them shortly after infection. The shoots which were killed by new 
infections after the hardening of the tissues often bear small 
stromata up to their tips. By the middle of May many pyenidia 
have developed Dothiorella spores, but the larger and often irregu- 
larly arranged stromata on parts of stems which had been kilted 
_ by the further advance of the fungus were yet mostly immature. 
The stromata of the former type develop mostly or entirely 
pycnidia in early summer, although many of them produce peri- 
thecia later; those of the latter type usually contain a mixture of 
_ immature pyenidia and perithecia, and some only immature peri- 
‘thecia. However, during the latter part of May and early June 
many of the larger stromata were found to have sporulating 
Dothiorella pycnidia interspersed among immature perithecia, 
which developed ascospores a little later. But some stems that 
seemed to have been dead more than a year and bore somewhat 
weathered botryose, black stromata (which had evidently sporu- 
lated during the previous summer) were often found to have 
‘still some scattered perithecia and pyenidia intact containing 
viable spores in April, and even as late as May. 
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Nectria cinnabarina and a species of Pleonectria were com- 


monly found more or less plentiful during spring and early — 


summer in blighted currant plantations. They occurred usually — 


on weathered, dead stems, although sometimes also on those which — 


seemed to have died during the previous summer. In cases such — 


as the last mentioned the pith in the basal ends of the dead stems — 


was generally discolored, and Botryospheria stromata were usu-_ 
ally found on the bark, indicating that blighting probably fol-~ 


lowed an invasion by the true parasite. 


During the past four summers, about the middle of May or a 


little later, a small beetle (Psenocerus supernotatus) was always — 


found present in blighted plantations, assiduously feeding on and : 


completely eating up large numbers of Botryospheria stromata. 


See Plate XI. If examined in the latter part of May or early” 


dune large collections of botryose dead stems obtained in April — 
and early May and stored in the laboratory may be found to have © 
a number of these fungus-eating, or mycophagous, beetles feeding ~ 


on the stromata. At the same time a number of the stems are 


found to possess borer holes. This goes to show that not only do” 
these beetles feed on the stromata and spores but that the larval — 
and pupal stages are passed in currant stems that have evidently — 
died of Botryospheria blight. These stages in the life history of — 


the borer are known,* but the manner and place of oviposition 


have never been observed. The beetles are usually present in ~ 


large numbers during June. 


Bits of pith taken at intervals of about-6 mm., from ahaa in- 
fected during the preceding summer, and trenstereee to series of — 
potato-agar tubes showed that by the middle of April the average — 


advance of the mycelium into normal-looking pith was about 


2.2 em. since winter; though the leaves of currants had only just — 
begun to unfold. On repeating the test a month later the fungus — 
was usually found to have progressed about 4-5 em., but in many — 


3. A. Fiteh.. American currant borer. Trans. N. Y. St. Agrl. Soc. 16: 
416-23. 1856. 


A. J. Cook. American currant borer, Mich, Agrl. Expt. Sta, Ann. Rpt. ; 


3:45. 1890. 
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instances much farther. In fact, in some cases where the distal 
9-4 dm. of newly infected shoots had died during the previous 
season, the infected stems died to the ground by the latter part 
of May. As a result of such advances of the fungus, side-branches 
er main-stems encountered wilt or blight, and become conspicuous 
by adhering rusty-brown leaves. Sometimes when short, succulent 
side-branches are invaded by the advancing mycelium, Macro- 
phoma pycnidia develop in great numbers on the withering part. 
See Plate V. However, frequently large stems blight as a result 
of the resumption of vegetative activity by the fungus which, dur- 
ing the latter part of the preceding summer, had entered through 
a very short spur and killed a small area of bark and wood of the 
stem before further growth ceased. Such small cankerous regions 
were found to bear Botryospheria stromata from which coils of 


-Dothiorella spores were often seen exuding in June and July. 


Even when winter pruning was most carefully done, leafless 
dead tips resulting from infection the previous summer are com- 
monly present in blighted currant plantations in spring and early 


“summer. Large branches and even whole bushes which died 
about the time natural defoliation occurs in autumn, or shortly 


after the leaves start in spring, are usually also conspicuous in 
such plantations during the latter part of April. 

During July and August the blighting of large branches and 
bushes, resulting from the further progress of the fungus in in- 
fected plants, is very noticeable, especially in a dry season. In 
July many additional small cankers at different heights on vari- 
dus sized stems become evident as the parts of the host distal to 
them blight. The behavior of these cankered shoots indicates 
that the dormant fungus in some of the late-summer infections 
vegetates but little until mid-summer of the following season, 
though it may have produced sporulating stromata on the cankered 
areas. In late June and early July the Dothiorella type: of 
spore is most prevalent, while the ascospores, comparatively few 
in early June, become numerous during the middle and latter 
part of the month. Although the numerous small pits in the bark 
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of dead stems which had contained sporulating stromata of‘ the 
_ fungus were very noticeable throughout July, the mycophagous _ 
Psenocerus was seldom seen in the early part and never during the ~ 
latter part of the month. However, even many newly formed 
sclerotic masses which had developed under the periderm of stems — 
and branches that had blighted during early summer were found — 
eaten out, as shown on Plate XI. ; 
It is in July that infections of young shoots become evident in 
large numbers, and although these new infections are incon: 
spicuous as compared with the blighting of large branches, stems — 
and whole bushes which are killed by the further progress of ; 
mycelium from a former infection, they are, nevertheless, the only 
kind of actual infections found. In blighting stems the fungus | 
is present mainly in discolored stretches at the base of the 
blighted part, while it permeates throughout the discolored pith 
and other dying parts of newly infected shoots. The earliest evi- 
dent stages of infection were seen during the first days of the 
month, as indicated by discolored, dying areas on shoot-tips while 
the leaves were usually still oer These early infections were | 
commonly found only in older, much blighted plantations which | 
had many dead stems bonne! sporulating stromata. In young — 
plantations showing no evident dead, stromatic stems, early infec- . 
tions were only rarely found, although later infections were often — 
common. On July 8, 1909, a count was made of the newly 
infected shoots occurring in sixteen rows of a blighted plana J 
in which many stroma-bearing stems were present. ‘The rows 
were about 110 m. long and had on an average seven evidently in- ‘ 
fected shoots per row. One and two-year-old plantations located — 
20 to 50 m. to the south, east and west of the blighted one showed _ : 
no infections at that time, although a month later some infected — 
shoots were found in each of them. However, a thrifty fires 
year-old plantation a few meters to the southeast of the ee 
blighted one was found to have a few infections, but this also con- 
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tained a few dead, spore-bearing stems. Usually additional new § 
infections continue to become evident during July both in © 


Dlighted and in adjoining unblighted patches; so that by the end 
of July or during the first week of August these recently- -infected 
and often more or less withered tips may be quite conspicuous. 
In 1908 most of the new infections became evident during the 
middle of July. However, those which became effective in the 
last week of July and ey part of August are not so readily 
found and usually kill but a small part of the host. Late intec- 
tions are less evident because currant shoots have become firm, 
and leaves invaded by the parasite are often shed soon after in- 
fection occurs, so that frequently, during the latter part of the 
infection period, the affected shoots may be located only by the 
“absence of one or more leaves near the distal ends of shoots. In 
“some cases the bark and wood, and often the pith about a leatf- 
‘gear, are found dead and discolored on removing the covering of 
mary cortex. In others only the leaf traces and the immedi- 
ately surrounding tissues are discolored and contain the fungus. 
However, these later infections may often be located (during 
August) by dead, pendant, green lamin on yellowish-green, liv- 
‘ing petioles, as may be seen on Plates II and III. In some cases 
_the leaf-traces entering the axis, parts of the surrounding bark and 
Brood and sometimes even pith tissues were found discolored, while 
in other instances only a slight discoloration of the leaf-traces was 
Mictiveable and in some no discoloration was observed. Yet in large 
numbers of such petioles having no discoloration of the leaf traces 
the fungus was proved to be present by cultural methods used in 
making series + 7B, + 11C and + 12C. In a two-year- -old cur- 
rant plantation near Milton, N. Y., on August 21, 1908, all evi- 
dent petiole infections were Nnise: in 12 rows of about 170 bushes 
each. The total count was 193, averaging about 16 per row; but 
‘in only 42, or about 21 per ct., did the fungus seem to have entered 
the axis, as judged by discolored leaf-traces or other tissues. Some 
of these late-infected shoots become more or less enlarged about 
‘the point of infection early in the following season before death 
ensues. | 
The earliest infections seemed to occur just when active elonga- 
tion of the shocts ceases and before the tissues become fully 
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hardened; for in practically all of the earlier infections the — 
shoots shriveled and the leaves usually adhered tenaciously, while | 
in infections becoming apparent later they never withered unless _ 
it happened to be a shoot which had a second elongation period — 
and, therefore, a soft tip. Shoots appearing infected early in | 
July usually died down from 1-3 dm., and generally developed | 
numerous Macrophoma pyenidia on the withered tips, before the _ 


fungus became dormant; while those infested during middle and — 
late July were not withered and had only the tips or a small region — 
about an infected leaf-base killed, and, therefore, remain very in- 
conspicuous and usually develop no Macrophoma. However, 
some such shoots as well as some normal looking ones were some-— 
times found to bear small sporulating Macrophoma pyenidia in 
the dead, primary cortex, but the starch-paste test showed that — 
the fruiting bodies are those of some other fungus. : j 
After the middle of August the majority of the sporulating 
stromata usually appeared considerably weathered, often with only , 
a few scattered pycnidia and perithecia intact. They were fre-~ 
quently found cracked and broken. But the fruiting bodies which 
were still intact contained large quantities of viable spores. 
Many stems and branches blighted in early summer were found 
to possess numerous, small, black, sclerotic bodies forming under — 
the periderm, in July and August; and these become spore bona 
stromata the following summer. 4 
August to October— During the latter part of August and 
September Nectria cinnabarina and a species of Pleonectria were — 
usually the most conspicuous stromatic fungi in blighted planta- 
tions; but they were generally on weathered sticks, although some- : 
eee also on stems the basal ends of which were yet living. How- } 


ever, in all but a few such cases as were carefully oxanaal 
Botryospheria stromata and a stretch of discolored pith were 
found adjoining the living parts, making it appear probable tha - 
the hypocreaceous fungi noted are only saprophytes. : 
During the latter part of September many of the veathenl 
Botryospheria stromata having some intact perithecia, and often 
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pycnidia, were sometimes found to bear one to several thin-walled _ 
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EXPLANATION OF PLATES. 


PLATE I. BOTRYOSPH RIA RIBIS ON CURRANT. 


Shoots of currant bush: With distal leaves injured by Pocit- 
ocapsus lineatus, A; with tip blighted by early infection of 
B. Ribis, B. 

Photographed July 14, 1909, near Milton, N. Y. 


PLATE II. NEw INFECTIONS OF BOTRYOSPHARIA RIBIS ON CURRANT. 

A, Near-terminal leaf; lamina curled and dry, petiole green 
but shown to be infected; B, shoot killed by natural infection; 
Macrophoma pycnidia near tip. 

Photographed: A on August 3, 1909, near Milton, N. Y.; B on July 22, 1909, in 
Geneva experimental patch. 


"PLATE III. SEASONAL ANATOMIC CHANGES FAVORING INFECTION By BOTRYO- 
SPHARIA RIBIS. 

A, Infected leaf at some distance from shoot-apex; B, longi- 
tudinal section of a shoot, petiole (1) and axillary bud, showing 
outgrown dying primary cortex (2) and cork layer (3) formed 
within it. 


PLATE IV. CONTRAST BETWEEN EARLY AND LATE INFECTIONS oF BOTRYO- 
SPHARIA RIBIS. 

A, Shoot infected early; conspicuous dead leaves adhere; B, 
shoots infected later in 1908, collected April 19, 1909, showing 
the covering primary cortex and buds on dead tipe, with 

. unfolding leaves on living parts. 
B collected by F. C. Stewart, near Milton, N. Y¥:; photographed by G. T. French. 


"PLATE VV. BLIGHTED CURRANT BRANCH RESULTING FROM UNPRUNED INFEC- 
. TION OF BOTRYOSPHAERIA RIBIS, 
1, Terminal shoot infected during preceding season (see Plate 
IV); 2, its uppermost side branch killed by advance of fungus 
after dormant winter-period; branch shows numerous sporulat- 
: ing Macrophoma pyenidia; 3, second branch killed by advancing 
fungus. 


Photographed July 20, 1909, near Milton, N. Y. 


, 
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“PnatTE VI. CuRRANT BUSHES AT GENEVA INOCULATED WITH BOTRYOSPILARIA 
RIBIS. 
A, Ribes nigrum: wound-inoculated with +2B, on July 3, 1908; 
B, R. vulgare wound-inoculated with +2A, on June 17, 1908. 
When photographed, June 18, 1909, leafless parts of both bore 
sporulating Botryospheria stromata. A died within a month 
E and B before end of summer. 


Pras Vit: 


PLATE VIII. 


PLATE “1 


PLATE x. 


PLATE “oe 


PLATE XII. 


‘bear sporulating Botryospheria stromata. 
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FINAL STAGE OF CURRANTS BLIGHTED BY BoTRYOSPHARIA RIBI 

A, Bush near Milton, N. Y., just after blighting of last livin 
stems; B, bush in Geneva experimental patch a year after woun 
inoculation with +A, at tagged point. Dead parts of bot 


A photographed July 20, 1909; B, July 26, 1909. 


e 
DIFFERENCES IN HAsBit oF BOTRYOSPHAERIA RIBIS. 


A, Stem of Ribes vulgare with transversely ruptured periderm 
B, smaller stem of 2, vulgare with stromata arranged in long 
tudinal rows; C and D, stems of hk, Grossularva with sporulating ~ 
stromata, C having outgrown primary cortex yet adherent. 


MAGNIFIED etree ples OF Borne BES: 


oe appearance of Bae soto nue top- shaped rertheaal 
stromata with typical mixture of immature perithecia 
sporulating pycnidia, ; . 


GENERAL MORPHOLOGY OF FRUCTIFICATIONS OF BOTRYOSPHA 
_ RIBIS. res 
1, Section of Macrophoma pycnidium in primary cortex with 
cork-layer incurved beneath; 2, rather large, practically 
Dothiorella pycnidium from branch of bush inoculated with —+ 
3, longitudinal eee of normal shoot just pales dea 


cortex (c)*;. 4, Ree ahs spores, young and “a 
5, section of sporulating perithecium, from an inoculated pla 
6, typical ascus with eight spores (actual length about 85, 
7, simple Dothiorella stroma broken through periderm of sh 
from a greenhouse plant inoculated with “42s 8 to 12, 
tions of stromata: 8, from plant inoculated with +A, sit 
superficial and immersed pycnidia; 9, containing both pye 

and perithecia (on left), from plant inoculated with -+-A,; 
showing superficial sporulating perithecia and an empty py 
cavity deeper in the stroma; 11, showing sporulating per 
along raised margins of stroma and empty pyenidial cavi 
depressed center; 12, containing micro-pyenidium close 
pressed to the perithecia of Botryospheria Ribis. 


CURRANT STEMS AND THE MyYCOPHAGOUS PSENOCERUS, 


A, Psenocerus supernotatus which eats sporulating strome 
from blighted stems,— female, 6 mm. long (X about 3 diams, 
B, shoot from which early sclerotic stages of stromata we 
eaten during late June or early July; C, shoot from whe a 
sporulating stromata were eaten during late May. . 


CURRANT SHOOTS INJURED BY INSECT PUNCTURES. 


A, Ribes nigrum shoot-tips dead and shriveled by combine 
effect of numerous insect punctures and shading; B, R. vulgare 
shoot with bark removed at right below. These punctures and 
those on shoot in A are apparently made by the species of Org 
menis ote above. . 
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PLATE I1.— BoTrRYOSPH2RIA RIBIS ON CURRANT. 
(For detailed explanation, see p. 125.) 
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PLATE III.— SEASONAL ANATOMIC CHANGES FAVORING INFECTION 
OF BOTRYOSPH-ERIA RIBIS. 
(For detailed explanation, see p. 125.) 


PLATE IV.— ConTRAST BETWEEN EARLY AND LATE INFECTIONS 
OF BoTRYOSPHRIA RIBIS. 


(For detailed explanation, see p. 125.) 


PLATE V.— BLIGHTED CURRANT BRANCH RESULTING FROM UNPRUNED 
INFECTION OF BOTRYOSPHAERIA RIBIS. 


(For detailed explanation, see p. 125.) 
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PLATE 1X.— MAGNIFIED FRUITING BODIES OF BoTRY- 
OSPHUERIA RIBIS. 


(For detailed explanation, see p. 126.) 


PLATE X.— GENERAL MorPHOLOGY OF FRUCTIFICATIONS OF BoTRYOSPHZRIA HIBIS. 
(lor detailed explanation, see p. 126.) 
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PLATE XI.— CURRANT STEMS AND THE 
MycorPpuAaGous PSENOCERUS. 


(For detailed explanation, see p. 126.) 
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globular, scattered to cespitose pycnidia with small, porelike osti- 
ola, and more or less convolute hymeneal surfaces bearing great 
quantities of very small, hyaline, cytosporoid spores. (See Plate 
X, fig. 12.) Although they occurred sometimes in old perithecial 
eavities and closely fitting other depressions, the texture appears 
different from that of Botryospheria pyenidia. The presence of 
very thin hyaline mycelium, ramifying through cracks and between 
the black stromatic hyphe of Botryosphwria stromata, seems to 
indicate that these ‘‘ microsporic pyenidia”’ do not belong in the 
life cycle of Botryospheria. But it may be mentioned that the 
Tulasne Brothers described and figured a similar stage for their 
Dothidia melanops, now usually called Botryosphaeria melanops | 
(Tul.) Wint. These cytospora-like pyenidia, however, seem to 
belong to a fungus that develops on the disintegrating stromata of 
the Ribes fungus; although that point remains uncertain and could 
not be tested culturally because the spores failed to germinate. 
Yet it is possible that this only represents a virescence of certain 
intact portions of old Botryospheria stromata. 


AS OBSERVED IN THE EXPERIMENTAL PLANTATION AT GENEVA. 


In order to check up field observations and experiments on the 
life history and parasitism of the fungus a small patch of one- and 
two-year-old currants was set on the Station farm at Geneva and 

‘about two dozen bushes in a greenhouse, early in the spring of 
1908. These were mostly of the Cherry variety, but some of the 
variety Wilder were also included because this variety was reputed 
very resistant to blight. Since the disease seems not to occur in 
the vicinity of Geneva, inoculation experiments on these plants 
were deemed of more value than those made in an infested region, 
both from the standpoint of testing the pathogenicity of the fungus 
and for following its life history or the succession of its different 
spore-forms. The numerous inoculation experiments recorded in 
another part of this paper indicated that the varieties used were 
equally susceptible to wound-inoculations; and the further devel- 
opment of the parasite on the branches and bushes killed by it 

was in accord with the above field observations. Although the 
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Macrophoma-form was obtained in this manner only a few times, 
the Dothiorella-form was always produced on the stems in J une 
of the year following death by inoculation; the ascospores also” 
followed in their regular sequence and were contained in perithecia 
typically mixed with pycnidia. The succession of the spore- 
forms was the same whether the inoculation had been made with 
Macrophoma, Dothiorella or ascosporic material, and it is there- 
fore assumed that the three spore-forms found succeeding each 
other on blighted bushes in diseased currant plantations and on 
those inoculated with the different forms of the fungus belong to 
the same organism, even though the spores were not obtained i in 
artificial, pure cultures. The fungus-eating beetle was also present 
in the experimental patch in June, 1909 and 1910. A naturally= 
infected shoot bearing sporulating Macrophoma pycnidia was : 
found there in 1909. See Plate II, fig. B. 7 
A SUMMARY OF THE LIFE HISTORY AND DEVELOP: 
MENT OF BOTRYOSPHAERIA RIBIS. 


The life history and development of Botryosphaeria Ribis a 
perhaps simpler when summarized apart from the disease it 
induces. t 
Simple form.—aAs stated before, the Macronhares pyenaee are : 

usually only produced on more or less succulent shoot-tips which 
die as a result of early infection, or on short, soft branches in- 
vaded and permeated by feces advancing through an infected | 
axis. They develop just outside the forming cork layer which is” 
then depressed by their growth. The primary cortex is raised to 
form marked protuberances on the outer surface of the shoot, and 
these are finally punctured by the short papillate ostiola through 
which the mature spores exude when moistened (Plate IX, fig. 
A.) The pyenidia are depressed globular, and about 17 53-2500 in 
width. The spores are fusoidynonguttulate, continuous, hyaline, 
and measure 16-25 x 4.5-7.54. . 

Stromatic form.— From mid-summer to autumn the Dothiorella 
stromata begin their development as small, globular sclerotic bodies 
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between the phellogen and outer cortical parenchyma of shoots and 
stems which had been killed by the fungus earlier in the season. 
The sclerotia become apparent externally as small, black spots over 
which the periderm is shghtly raised. As they continue to in- 
crease in circumference and thickness the cortical parenchyma 
beneath is compressed and the periderm above, or outside, is raised 
until it finally bursts. The exposed outer surfaces of the stromata 
ecome roughened and finally botryose as the fruiting bodies de- 
velop within. ‘The stromata which start during the earlier part 
of the above period develop mostly pyenidia, while those starting 
in late-summer and autumn produce mainly or’ even exclusively 
perithecia. During the following summer pycnospores are formed 
in the pyenidial type of stromata in the latter part of May and 
June, but usually exude during the latter half of June and early 
July, while the ascospores develop during the middle and latter 
‘part of June and July. Many of the more slowly developing fruit- 
ing bodies about the periphery of typically pyenidial stromata, 
and sometimes a few in their more central parts, produce ascos- 
‘pores very soon after the pyenospores mature. Some stromata 
which do not mature till the latter part of June and early July 
have sporulating pycnidia and perithecia interspersed in vari- 
‘ous proportions, while many of the stromata maturing during 
‘the latter part of July were found to contain only perithecia 
with no indication of the previous presence of pycnidia. The 
‘stromata of the early pycnidial type (which later produce 
some peripheral or scattered perithecia) were always found 
‘to have more or less numerous empty pyenidial cavities among 
‘or even under the sporulating perithecia, as shown in Plate 
x. figs. 10 and 11. About the first of June it is often impossible 
to distinguish perithecial and pyenidial stromata (or the peri- 
‘thecia and pycnidia in a stroma) with an ordinary hand lens. 
When both types of fruiting bodies are mature they can usually 
be thus distinguished, because pycnidia extrude as globular or flat- 
topped bodies from the stroma, while perithecia are usually top- 
shaped extrusions with papillate ostiola. Yet sometimes only the 
“ostiola project from the general surface of a stroma. (Plate LX. ) 
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The stromata are variable as to size and shape as well asin 
arrangement on the host. To fully appreciate this variability it 
is necessary to examine many speciments during different seasons 
of the year. However, the two extremes in arrangement may be 
seen on Plate VIII. In one case the stromata are ime 
bedded in the outer bark singly, or in irregular groups, usually 
rupturing the periderm transversely, and in the other they are 
arranged in longitudinal, more or less compact, rows, thus usually 
obliterating the manner of rupture. The longitudinally arranged 
stromata are confined mainly to stems and shoots that resulted 
from very rapid growth, which were not more than two years old 
at the time of death, while the more scattered arrangement is 
characteristic of the older and slow-grown stems. -The early 
pyenidial stromata are usually small and contain comparatively 
few fruiting bodies while most of those maturing later develop a_ 
larger number. The early-fruiting stromata are generally rather 
thin, while the later ones are thicker and more pulvinate. The 
stromata are orbicular, or elongated, scattered irregularly, or 
arranged in more or less regular longitudinal rows. Their fruit- 
ing bodies give them a botryose appearance. The stromata 
measure from 0.5 to 4 mm. in diameter ; most of them about 2 mm., 
but often 1-2 x 4 mm. | 

The pycnidia are from few to many in a stroma and gen- 
erally measure from 175-250» in width. However, stromata 
bearing both asco- and pyenospores at the same time (heterospor- 
ous stromata) often contain from one to several pyenidia whose 
height or greatest diameter at right angles to the stromatic sur- 
face may be more than twice that of ordinary pyenidia though — 
the width may not exceed that of ordinary ones. (Plate X, fig 8.) © 

The perithecia are borne in the same or in similar stromata 
and have the same widths as the common pycnidia; but they 
usually project more from the general stromatic surface and are 
more top-shaped than the latter. J*requently a more or less com- 
plete second tier of fruiting bodies is developed in stromata hav-— 
ing the empty pyenidial cavities scattered between or beneath them 
in older parts of the stromata. See Plate X, figs. 10 and 11. 


The pycnospores are hyaline, fusoid, nonguttulate, continuous, 
and measure 18-31 x 4.5-84. The asci are slightly clavate 
and measure 80-120 x 17—20,, ; the spores are continuous, hya- 
line, fusoid, 16-23 x 5-7». ‘The asci are interspersed by numer- 
ous filiform paraphyses. 


SERUITLESS ATTEMPTS TO INDUCE SPORULATION 
joer e Wh OULU RES. 


In pure culture this organism has borne out remarkably well 
its earlier reputation as a “ sterile fungus,” although on the hosts 
three conspicuous spore-forms were subsequently obtained, two 
of which were found abundant in blighted plantations of the 
Hudson Valley during the earlier part of this investigation. 
Since that time the fungus has been grown on all of the solid 
media reputed to induce fruiting in culture, and many others; 
but only various irregular, woolly, stromatic bodies resulted, 
which in some cases developed perithecial bodies that never 
produced spores. 

Interesting cultures were made in December, 1900, on tubed, 
sterilized currant-stems with transfers from material containing 
-immature black stromata collected during the preceding month 
near Marlboro, N. Y. These were placed near a window, and after 
about a month there had occurred a considerable development of 
stromata from a few to six or more millimeters in diameter. They 
contained numerous perithecia which were sporulating consider- 
ably two months after the cultures were started. An attempt was 
made to discover qualitatively the essential requirements for the 
development of fruit by transferring the fungus from the above 
tubes to a dozen others and exposing them in duplicate to different 
temperatures and lights. Eight tubes were kept at room tempera- 
ture and different lights; two receiving sunlight through water, 
two through potassium chromate solution, two through copper 
sulfate solution, and two in diffuse light. Two tubes were exposed 
to direct sunlight in a fairly cold room and two others were kept in 
the darkness of a thermostat at 28° C. After two months similar 
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abortive fructifications were present in all tubes bet sporti i 
had occurred in none of them. It seems,. therefore, that S01 
unrecognized factor determined the development of SpOney in the 


first experiment. a. 
Although many attempts were made some years later (1907 a 
to duplicate that first successful experiment, only abortive st 
mata resulted which sometimes contained irregular cavities 
condensed hyphal tangles as indicated above. No actual fru s 
with spores were since found in pure cultures except in some 
cases when portions of infected host tissues were ron to 
tubes under aseptic conditions. - 
Since the fungus soon completely covers an a dense but flufty 
mycelial mat sterilized currant-stems in a culture vessel to which 
it has been transferred, while in nature it vegetates wholly inside . 
the host tissues, it seemed possible that the abundant aérial 
growth may hinder sporulation, or that its presence may indicate 
that the air in such vessels is too moist for the production of | 
spores. In an endeavor to obviate the latter difficulty, living eur- _ 
rant stems about 0.8 em. in diameter and 35 em. long were tightly f 
wound with cords of twisted cotton at two points equally distant 
from the ends of the stems and from each other, so as to fit closely 
into a tube having an interior diameter of 2.5 em. Stems so p - 
pared were carefully inserted into culture tubes 40 cm. long, 
2.5 em. interior diameter, with a small side-neck about 2.5 cm. j 
from the bottom. After pouring some water into the side-nee 7 
and closing these with rubber stoppers, and the end of the tu 
with cotton.plugs, they were sterilized. The tubes were inocula 
at the side-necks, half of them with the chromogen and the oth 
with the nonchromogen. Three tubes were placed in a greenho 
in direct sunight but with their lower ends shaded. Six w 
kept in the diffuse light of the laboratory. Twenty-five days after 
inoculation all tubes had abundant aérial mycelium though it was 
less copious in the upper compartments, especially of those in the e 
sunlight. The usual sclerotic bodies had developed on the outer: 
surface of the bark and in sunlight the aérial mycelium had a 
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rusty-yellow color. But no spores were present, nor could any 
be found in them a month later. 

The presence, in diseased plants, of two physiologically dif- 
ferent organisms which could not be separated by their morpho- 
logical characteristics suggested the possibility that both forms 
must be present in the same culture in order that the fructifica- 
tions develop to maturity. Therefore, transfers of a chromogen 
and a nonchromogen were made to separate points of the same 


flask of potato-agar. The cultures were combined in the following 


manner: +-8C, and —6b;, +2A, and —5B,, +7B; and —5B,, 
+7B; and —6B,;, +8C, and —5B,, OAS and —b, +7B; and 
—h, +2A, and —6B;, +8C, and —B, the first member of each 


combination being a chromogen and the second a nonchromogen. 
_ Both transfers in each flask grew vigorously till their mycelia met 


and intermingled about midway between the transfers, and ceased 
further evident growth after covering the entire surface of the 
substratum just as when but one of them was used. The change 
of color with age-and the development of irregular sclerotia also 
proceeded in the usual manner and without the production of 
spores. 

While preparing culture-series +11C (Page 149) it was found 
that sporulating Macrophoma pycnidia had developed on a number 
of the petioles from which the cultures were obtained by transfer- 
ring the externally-sterilized petioles to tubes of potato-agar. In 
making culture-series +12C a similar result was obtained, and 
a repetition of the experiment also yielded a high percentage of 
fruiting petiole-cultures. 

However, though many attempts were made to obtain Macro- 
phoma spores on uninfected petioles and young, soft shoots (some 
were sterilized in an autoclave and some with formalin) by grow- 
ing the fungus from the different series on them, they all failed. 
Nor were spores developed on bits of wood from naturally in- 
fected stems that were transferred to tubes of potato-agar, but 
stromata formed earlier and in greater numbers in such cultures - 
than in ordinary currant-stem cultures. 
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The fungus was also grown on potato-agar to which decoetions 


of chromogenic and of nonchromogenic cultures had been added, 
and on some which received decoctions of recently collected, dead 
currant-stems bearing numerous Botryospheria stromata; but 
only abortive stromata and no spores were developed. The 
growth in the decoction cultures was less than that on potato-agar 
checks, and the degree of retardation varied directly as the quan- 


tity of decoction used. The relative toxicity of uncooked extracts 
was not determined, for in view of the results obtained in cultures — 


of infected wood tissues, it appeared unlikely that decoctions of 
old mycelia would induce sporulation. Some recently publisned 


work by Lutz* on the re-use of culture solutions also indicates that — 


sporulation varies with growth in a number of fungi. 

It appears, therefore, that this chromogen and nonchromogen 
have no such relation to each other as that discovered by Blakeslee? 
for some species of Mucorinee ; nor does their association in the 
same culture-vessels® or growth on extracts of other cultures in- 
duce the development of spores. 

Although these experiments have failed. to induce sporulation 


it seems possible that if currant-stem cultures could be kept a — 


year in such a way that the growth and dormant periods to which 
the fungus is subject in nature would occur, spores might be 
obtained in pure culture. 


EXPERIMENTAL ATTEMPTS TO FIND THE RELA 


TION OF THE VARIOUS SPORE-FORMS. 


Many shoots about 8 dm. long which had died during the pre- 


ceding season and bore numerous small, black stromata (some of 
which contained Dothiorella spores), were cut from young bushes 


of a blighted currant patch near Milton June 11, 1907, and stuck — 


4, O. Lutz. Uber den einfluss gebrauchter Nihrljsungen auf Keimung und 2 


Entwicklung einiger Schimmelpilze. Ann. Mycol. 7:91-133. 1909. 


5. A. F. Blakeslee. Sexual reproduction in Mucorinee. Proce, Am, Acad. 2 


40:205-319. 1904. 

6. F. D, Heald and V. W. Pool. The influence of chemical stimulation 
upon the production of perithecia by Melanospora pampeana Speg. Nebr. 
Agri. Expt. Sta. Ann. Rpt. 22:130-32. 1909. 
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into pots of moist sand June 13; some out of doors, others in a 
greenhouse and some in a moist chamber. Five days after start- 
ing the experiment creamy white coils of spores were found to 
have exuded from all sticks in the moist chamber and from near 
the sand surface of a few of those in the greenhouse, but none had 
exuded from those left out of doors. However nearly two months 
later, following some wet weather, some exuded spore-coils were 
found near the sand on sticks left in the open. 

During the latter part of November, 1907, about a dozen pieces 
of dead stems (like those from which culture-series —3A was ob- 
tained) having a few sporulating Dothiorella pycnidia in some of 
the smaller black stromata, were covered with wet sand for about 
three weeks. Then they were laid on the surface of the sand and 
kept moist under a bell-jar for several weeks, with the result that 
many stromata were found exuding ascospores. Unfortunately 
these pieces were stored in the laboratory without first being dried ; 
and, when an effort was made the following March to obtain cul- 
tures from the material, most of the spores were found to have 
germinated and died. Nevertheless, scattered perithecia, still con- 
taining viable spores, were found, and from them the nonchromo- 
genic series — B was obtained. (See p. 145.) -Although this 
simple method seemed to afford a means of determining the rela- 
tion of the different spore types found on bhghted and dead cur- 
rant-stems, it is too uncertain and may lead to the development of 
abnormal fruiting structures, for in the above experiment some 
stromata on the under side of the stems, and therefore supplied 
With an excess of moisture, produced long, tapering perithecia 
with rostrate ostiola. The blighted stems cannot be placed in an 
ordinary moist chamber, for it is well known that when material 
containing immature stages of a slow-growing fungus is put into 
such a chamber for further development molds usually appear 
and either vitiate or entirely prevent the desired results. 

Since the addition of soluble salts to water decreases its 
vapor pressure, or evaporation tendency, it seemed that perhaps 
some saturated salt solutions (with an excess of salt) could be pre-~ 
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pared which when placed in a moist chamber would give the de-_ 
sired vapor pressure and therefore keep the enclosed air in the | 
required state of moisture to permit the further development of } 
such a fungus, and at the same time prevent the growth of weeds. — 

Large culture tubes about 5 cm. in diameter and 35 em. long ~ 
were fitted with rubber stoppers, each having five holes punched — 
about half way through from the smaller end, such that short cur-_ 
-yant stems could be inserted and thus suspended in the tubes from 
the inner side of the stopper, yet permitting an air-tight closure of 
the tubes. Since water has a vapor pressure of 17.4 mm. of mercury 
at 20° C. it seemed that possibly saturated solutions of sodium — 
nitrate with a vapor pressure of 11.15 mm., potassium sulfate with — 
a pressure of 14.4 mm. and potassium nitrate with a pressure of — 
15.0 mm. (at the same temperature) might range across -the de- 
sired humidity. 3 

Early in April, (1908) each of these three solutions was used 
separately in two tubes to the depth of about 3 cm. Five recently — 
collected dead stems (cut too short to reach the solution) with — 
numerous immature stromata were inserted into the holes in the — : 
smaller end of each stopper and thus suspended over the solutions - 3 
in the tubes. In less than two months several molds were crow q 


on the stems of every tube, although those containing the sodi aie 
nitrate seemed to have the least growth. Whether or not such a- 
method can be perfected so as to be of practical value is doubtful. — 
Further attempts with solutions of lower vapor pressure were not — 
made because it was soon found that the fungus was developing — q 
both of the characteristic stromatie spore-forms on bushes inocu- : 
lated during 1907. 3 ; q 
However, since the Macrophoma form but rarely appears on 
inoculated shoots while commonly developing on naturally in § 
fected shoots the tissues of which were still immature and soft at 
the time of infection, the following experiment was devised to 
determine whether the usual Dothiorella type of fructification 
would follow under artificial conditions. Recently blighted, young 
shoots with numerous sporulating ACT PACE pyenidia about the 
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shriveled, dead tips were cut from bushes four or more em. below 
the dead distal ends. The basal ends were recut under water and 
inserted into tightly-fitting short rubber tubes which were full of 
water. These tubes were then passed through holes in corks of salt- 
mouth bottles filled with water, thus giving the twigs and the fun- 
gus an abundant and near supply of water without surrounding 
them with an unusually moist atmosphere. Although the fungus 
generally vegetates little, or may remain dormant in such shoots 
until the following spring, the typical small Dothiorella stromata 
were found to have appeared two weeks later. Exuding coils of 
Dothiorella spores were also present. The chromogenic series 
+106 was made from them. (See p. 148.) The experiment was 
successfully repeated by simply allowing the freshly cut shoots 
with dead tips and living basal ends to protrude through holes in 
large cork stoppers and thick sheets of cork, floating on water in 
an open vessel. 7 


THE TIME AND PLACE OF NATURAL INFECTION. 


The stretching growth of fruiting plants of cultivated varieties 
of currants has usually ceased before the first of July; but young 
plants and scattered shoots of older bushes often exhibit a short 
secondary elongation period. When the primary cortex is outgrown, 
it becomes discolored and finally of a papery texture, the berries 
_ ripen, and the new shoots become hard. Most of the infection 
' seems to occur during late June and July, for new infections 
- usually become evident most numerously during the first half of 

July. Krom the inoculation experiments it appears that from six 
. to fourteen days elapse before infections become apparent. The 
earliest infections evidently become effective before the tissues of 

shoot-tips are fully hardened, and the enclosing primary cortex is 
entirely functionless, because the distal 1-3 em. of such shoots 
usually become more or less shriveled and often no cork layers 
could be found in them. (Plate X, figs. 1 and 3.) 

It was usually impossible to determine the manner and point of 
infection of the shoots dying during the last week of June and the 
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first few days of July, since such infections were often few and 
scattered; however from June 30 to July 38, 1909, and during 
early July, 1910, a sufficiently large number of early stages were 
found about Milton and Highland, N. Y., to localize them some- 


what, although no entirely satisfactory explanation of the manner 


of infection was evident. In many of these cases a longitudinal 
wrinkling and discoloration was noticeable about a leaf-base some- 
times from 1 to 3 em. from the distal end, and sometimes a slight, 


concave curvature of the tip toward the infected side. The more 


distal leaves and tip of the axis were often still turgid and of a_ 


normal green color, while the involved leaf might exhibit a wilting 
lamina and a yellowish-green petiole. In some cases the infection 


seemed to have occurred at the very tip, and the discoloration in- — 


volved the entire distal end, including the terminal bud; thus 
making it impossible to determine whether the infection occurred 
at the terminal bud, at the base of some petiole, or in some other 
way. In from a few to ten days after the first indication of 
these early infections, the terminal 4-20 em. of such blighted 
shoots were dead and the distal ends had become shriveled and 
usually much roughened by numerous sporulating Macrophoma 
pyenidia. The attached brown leaves give the affected shoots a 
blighted appearance. The less conspicuous infections, becoming ap- 
parent after the tissues of the axis have become more or less hard- 
ened (often only resulting in the somewhat characteristic dying 
of one or more leaves and an area of bark, wood, and pith, about 
the leaf-base), proved more satisfactory in an endeavor to localize 


the point of infection, although it was impossible to deter- . 


mine with certainty the manner in which it occurred. These 
later infections seemed to take place mainly about the bases of 


petioles, and the earlier stages were usually made apparent either = 


by a premature discoloration of the primary cortex at the 
abaxile side of the petiole, when the infection became evident 
before the whole primary cortex had become normally dis- 


colored throughout, or after the normal dying of the primary 
cortex by the wilting of seemingly uninjured laminze when their 
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petioles were yet green or yellowish green. These petiole-infec- 
tions were often numerous, although the percentage of successful 
infection of axes resulting from them seemed to decrease markedly 
during the latter half of July to practically nil by the middle of 
August. Although they continued to become evident, the leaves 
were usually shed early, thus warding off the infection of the host. 
A count made on August 21, 1908, indicated that in only about 21 
per ct. of the cases in which infected leaves were found still at- 
tached had the fungus evidently entered the shoot; though it was 
proved present in the petioles by means of the starch test. It also 
appeared that the extent and degree of discoloration developing 
on an axis about the base of such a petiole decreased to an equal 
extent as the season advanced. 

The shoots infected soon after hardening were frequently found 
to have completely dead, discolored, bark, wood and pith to the 
extent of a centimeter or more both above and below the infected 
node. In fact the distal portions of such shoots usually became 
defoliated and died before the end of the season, leaving short, 
leafless, dead tips which of course have normal looking covers of 
the primary cortex. During the latter part of July and early 
part of August these first-injuries decreased much in extent, so 
that they often consisted only of discolored leaf-traces. Some of 
the shghter nodal injuries which occur during late-summer consist 
of only a slight discoloration of the leaf-traces, thus leaving other 
stele-tissues apparently normal. Such injuries sometimes fail to 
extend during the next season, but in most of those in which the 
discoloration had also extended even to hmited areas of surround- 
ing bark, wood or deeper, the infecting fungus revives and resumes 
vegetation sooner or later during the following season, and as 
a result the stem involved blights. These lateral winter-dormant 
infections usually escape even the most careful observation after 
the leaves have fallen on account of the presence of a fairly 
uniform cover of dead, primary cortex on young shoots. See 
Plate. IV. However, up to the middle of August such petiole- 
infections are often readily located by the wilted lamine, yet 
sometimes only by discolored leaf-scar regions, 


. 
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In spite of the fact that most of both the early and late-seas 
infections seemed to have taken place about the bases of petiol 
early stages were sometimes found which had apparently oceurre i 
on internodes; in such cases the leaves of the adjoining nodes 
were found apparently normal and their leaf-traces were not dis- 
colored, yet the bark, wood and pith of a part of the internodal 
region were discolored and dead, and contained the fungus. : 


THE DISSEMINATION OF ee FUNGUS... 


As stated before, the number of new infections in a blighted 
plantation was usually proportional to the number of dead stems 
and branches present during June. In adjoining young planta- 3 
tions in which apparently the disease was not present, the number 
of infections usually decreased directly as the distance from a dis- 
eased patch or from piles of unburned prunings increased. It h 
not been determined whether it is the wind, insects, or other 
agencies that are instrumental in the dissemination of the spor s. 
The most striking case of dissemination observed during the past — 
four years may be used to illustrate the rate and extent of infee 
tion from such a source. After mid-summer, 1907, all the bush 
of a much blighted old plantation, near Milton, N. Y., were d 
and piled along a stone fence. Early the following spring 
new plantation was set out in a long strip of land along the sou 
side of a thrifty, two-year-old plantation which is located about 
100 meters to the north of and parallel with tlie stone fence. The 
new plantation contained about 35 rows of perhaps 175 bush 
each, and extended to within about 45 meters of the fence alon 
which the blighted bushes had been piled in 1907. After t 
middle of July, 1908, about 30 per ct. of these bushes we 
found to show from one to-four of the shoot-tips blighted, mo 
of them exhibiting sporulating pycnidia of the Macrophoma on 
the more or less shriveled tips. In the two-year-old plantation 
north of the new one and about 100 meters north of the fence, the 
~ conspicuous new infections (blighted tips with leaves attaehed) 
were counted in three groups cf four rows each on July 31, with 


a 
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the following result: The first group of four rows (about 100 
m. from the fence) was found to have 115 blighted shoots. The 
second group taken, 8 rows to the north of the first group, had 
44; and the third group taken, 8 rows to the north of the second 
and over 130 m. from the fence, 39. However, a count of the 
petiole-infections of these groups made on the following 21st of 
August did not give such a striking difference as regards the dis- 
tance from the above stone-fence. ‘The first or south group yielded 
72, the second 62, and the third or north group 59. Although 
such observations seemed to indicate that the increase of the dis- 
tance from sporulating material resulted in a decreased number 
of infections, many apparent exceptions were seen. More or less 
isolated new plantations which were apparently entirely free from 
infectious, dead stems, and isolated nursery patches where the 
cuttings are rooted, were usually found to become more or less 
infected during and after mid-summer. It seems plausible to 
assume that, since the cuttings are obtained from older bushes 
after the leaves have fallen, a few of them may contain some of 
the late-season, dormant infections which are not noticeable be- 


cause of the uniformity of the dead cortical covering ; and, further 


it may be assumed that the Dothiorella spores produced on such 
infections during the following June infect other plants around 
them. | 

In neither the local nor distant dissemination of the fungus 
from sporulating material have the agencies concerned been sat- 
isfactorily determined. In cases of the occurrence of new infec- . 
tions on shoots of a diseased bush with some dead stems bearing 
sporulation stromata, or of infections on bushes immediately sur- 
rounding diseased plants, it is usually assumed that air currents 
and insects are the disseminating agents. It seems possible, in 
fact, that these agencies may be sufficient to account for the dis- 
tribution of the spores to greater distances. According to the 
tests made by Burrill and Barrett,’ the wind is very efficient in 


7. T. J. Burrill and J. T. Barrett. Ear rots of corn. Ills. Agrl. Expt. Sta. 
Bul. 133:65-109. 1909. 
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disseminating spores even in cases where they exude in gelatinous 
coils, as do the pyenospores of Botryospheria Ribis. The asco- 
spores of this species are no doubt more readily carried by the 
wind, for at the ostiola they collect in little masses that soon be- 
come powdery and are thus more easily blown away. It is, there- 
fore, a noteworthy fact that the pycnospores of this fungus 
were very numerous and the ascospores very few during the early 
and most important period of infection, while the ascospores 
were more numerous during the late infection period. 

Only a few conspicuous insects that might be disseminating or 
inoculating agencies have been found commonly present in 
blighted plantations during the preiod in which new infections 
commonly occurred, but these. insects may likewise be present in 
orchards in which no Botryospheria blight was found. Among 
the insects that may be involved a species of Ormenis, Pacilocap- 
sus lineatus* (four-lined leaf-bug) and Psenocerus supernotatus 
(American currant borer) were the principal species noticed dur- 
ing the past four years. 

Upon most of the young shoots in some plantations there were 
found from a few to very many rather deep punctures which some- 
times extended to the pith in Ribes nogrum. When such pune 
tures were very numerous in nigrum shoots which were growing 
in the shaded parts of bushes, they often died and became more 
or less bent and twisted, as shown in Plate XII. Usually only 


small, discolored traces of the punctures were left in Ribes wood; _ 


the wounds were overgrown at the peripheral ends, yet easily 
located during the remainder of the season by the small spots — 
or depressions that could be seen on removing the bark, as shown 
in Plate XII. The number of these punctures in a currant planta- 
tion seemed to vary directly as the number of adult Ormenis flies 
present during July, but it was not determined whether these flies 
made the punctures, although often as many as four to eight 
were seen on a shoot. 


8. M. V. Slingerland. The four-lined leaf-bug. N, Y, Cornell Agr]. Expt. 
Sta. Bul. 58:207-39. 1893, 
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The adults of Pecilocapsus lineatus were also present in 
blighted plantations during the latter part of June and first part 
of July. They not only feed by puncturing leaves (Plate I, fig. 
A) and shoots, but while ovipositing also cut longitudinal slits 
several millimeters long in the succulent parts of shoots. 

Both of the above insects were equally numerous in plantations 
which were free from Botryospheria blight, and the punctures 
could therefore only accidentally afford entrance for the fungus. 
In blighted patches many shoots with one or more oviposition- 
slits containing eggs were usually found blighted, many contain. 
ing eggs were not diseased, and many showing no visible wounds 
of any kind were blighted. | 

Unfortunately some of the important facts about the lite his- 
tory and habits of Psenocerus supernotatus are unknown, for, 
since its imagines or adults feed freely on the stromata and 
spores of Botryospheria [ibis from about the middle of May 
until July, this beetle may be of some importance both in the dis- 
tribution and inoculation of the fungus. It seems to feed only 
on the sclerotia and stromata of Botryospheria Ribis and on its 
nonchromogenic form. ‘The beetle has neither been found eating 
other fungi nor present in plantations free of Botryospheria 
blight, although of course it may feed on other things and there- 
fore be present in blight-free plantations. Since the imago eats 
the fungus and the pupa lives as a borer in the host, the beetle’s 
habit of oviposition may have some relation to the dissemination of 
the fungus and the inoculation of the host. (See Plate XI.) 


THE IMPORTANT CULTURE SERIES ISOLATED FROM 
THE HOSTS AND USED IN THIS INVESTIGATION. 
Most of the original cultures were obtained by transferring 

bits of diseased or dead host tissues to culture tubes; however, 

several sets or series of cultures were made also from spores. 
—1900N. The first pure cultures used for inoculation pur- 
poses in the earlier period of this work, were secured .November 

7, 1900, partly from dilution cultures of rather immature stro- 
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mata on material recently collected near Marlboro, N, Y., a0 


partly from tissue transfers from the interior of such materia 
under sterilization precautions. For convenience the culture 
are designated as —1900N. 

-+1901M. Another set of cultures used in inoculation experi-_ 
ments, was made by transferring infected tissues of a dying eu 
rant stem which had been received from a correspondent, to a 
culture medium, with proper precautions. ‘The set is designated. 
for brevity in reference as +1901M. | 

+1901J. The last set of cultures isolated from the host du 
ing the earlier work, was made from dilution cultures of th 
Dothiorella-type of spores, (in July, 1901) which were ver 
abundant in the stromata of old currant stems collected in the @ 
Hudson Valley during the latter part of June. The series is — 
designated +1901J. a 

+A. The first series of cultures used in the latter period of 4 
the work, was made by transferring bits of pith from stems cole 
lected near Milton, N. Y., June 138, 1907, to tubes of potato- 
agar. The bark was removed from the portion of stems to be 
used, and they were carefully split in halves without touching 
the split surface. Three bits of pith were transferred from the — 
halves of each stem to as many tubes by means of forceps which — 
had been flamed from 95 per et. alcohol. A representative 
piece of each stem used was attached by a rubber band to the | 
culture tubes originating as transfers from the pith of that piece. 
Four of the stems were of the preceding season’s growth and had — 
been cut from young bushes so as to include some of the living ~ 
basal portions. The distal 3-4 dm. were dead and had small — 
sporulating Dothiorella stromata breaking through the bark. The 
sets of transfers with the portions of stems from which they had 
been isolated were numbered A,, A,, As, and Ay. Four simila 
sets of three each were obtained from the pith of four 
large stems cut from diseased bushes which had evidently died 
during the preceding season. Large, botryose stromata con- 
tained some immature perithecia, often interspersed also wit 
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sporulating Dothiorella pyenidia. The sets of tubes with their 
representative pieces of stems were labeled A;, Ag, Az, and Ag.’ 
Only A, to Ay, and As gave color on starch paste, and A, proved 
+A, till May 18 and after that always —A, while the other two 
stock cultures of that stem continued to react + to the end of the 
investigation. They were therefore labeled +A,, +A., +A;, +Ag, 


1 —Az, —Ag, —A,, and +-As. 


+2A. A second series of cultures was similarly obtained from 
the much discolored pith of three seemingly recent infections 
(shoot-tips of currants), collected near Milton, N. Y., August 16, 
1907. The three sets of threes were numbered 2A,, 2A;, and 2A3; 
but after the starch test +2A,, +2A., +243. 

—3A. Another series of cultures was secured similarly from 

the pith of large, dead currant stems collected in blighted 
orchards near Milton, N. Y., November, 1907. The general ap- 
pearance of the stems was like those from which the latter half 
of series + A was obtained, except that they seemed to have died 
during the current season and have only stromata with immature 
perithecia. Each set of three cultures was accompanied by the 
corresponding stem as before. The series was numbered 3Au,, 
BA>, .... 3A;; and after the test —3A;, —3Az, ete. 
_—B. Series —B was made March 13, 1908, from ascospores 
which had been obtained by keeping material like that from 
which series —3A was secured, in wet sand under a bell-jar dur- 
ing about six weeks. The cultures were labeled B, B,, and B3; 
but subsequently —B, —B,, —B;. 

+B,. On April 4, 1908, a set of cultures was made from 
coils of Dothiorella spores exuding from dead branches which had 
been inoculated with +A, on January 31,1908. After the starch 
test the cultures were marked +B. 

+2B. Another series of cultures, consisting of five sets of 
eight tubes each, was made in May, 1908, from the pith of 
partially green stems exhibiting many, longitudinally arranged, 
botryose, erumpent stromata. The perithecia were immature, but 
some pycnidia with the typical Dothiorella spores were present in 
some of the stromata. The eight sets of three tubes each, after 
testing were numbered +2B,, +2B,, —2B; +2B,, ->2Bs, 


because only 2B; proved nonchromogenic. 
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+3B. On August 3, 1908, a series of five sets of seven tubes 


each was made from the pith of five recently-infected shoots col- 
lected near Milton, N. Y., August 1, 1908. Numerous sporulat- 
ing Macrophoma pycnidia had raised or broken through the pri- 
mary cortex on the dead and more or less shriveled tips of the 
infected shoots. The sets were finally numbered +3B,, +38B,, 
Jo ppb. Bgs 


+4B. <A corresponding series was then made from the above 


Macrophoma spores by crushing some of the pyenidia in a large 
drop of sterile water and transferring the spores to a dozen Van 
Tieghem cells with a platinum loop. In order to facilitate the 
transfer of germinated spores they were distributed to three 
points of the covers. Nine hours afterwards about 65-85 per 
ct. of them had germinated and some selected germinating 
spores from each cell were transferred to the lower ends of three 
potato-agar slants. On the third day mycelial transfers were 
taken from the upper part of the slant of a selected tube from 
each original cell-culture. The series was numbered +4B,, 
+4B,, ete., +4B,, after growing its members on starch paste. 
—5B, —6B. On August 4, 1908, a double series of spore 
cultures was made as above, from ascospores obtained from the 
typical black, botryose stromata on stems and branches of bushes 
which came from an old plantation that was so badly blighted that 
the whole of it was uprooted and piled during late summer of 
1907. See p. 182. The stromata on most of the larger stems 


were scattered irregularly, and had generally ruptured the bark 


transeversely, 1. e., at right angles to the stem’s long axis; while 


practically all smaller or younger branches possessed stromata — 


arranged in more or less definite, narrow rows of considerable 
length, as may be seen on Plate VIII, fig. B. The two types of 
fructification seemed identical in microscopic details. 


Six cell-cultures were prepared, in the manner described for 


series +4B, from the spores of each type of stroma. Three 
hours after transferring the spores to the cells about 90 per et. 
of them, both inside and outside of asci, had developed germ 
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tubes 40-95 in length. The series of cultures derived from 
the crosswise-rupturing stromata was labeled —5B,, —5B,, ete., 
—5B,; while that obtained from the stromata arranged in rows 
was designated as —6B,, —6B,, ete., —6B, after testing them 
on starch. 
_+7B. An extensive series was also made from dying leat- 
petioles which were either partly or entirely yellowish-green in 
color, and which had dried, but with green-colored drooping, and 
often rolled, lamin attached. They were collected in blighted 
plantations near Milton, N. Y., August 21, 1908. Sixty such 
petioles were washed in large quantities of sterile tap water dur- 
ing about half an hour; half of them were then transferred to a 
fresh quantity of sterile water, and the other half to a 1 per 
ct. formalin solution, where some were left a quarter and others 
a half hour. Those remaining in the formalin solution half an 
hour were flamed while transferring them to sterile water, while 
the others were all transferred to fresh quantities of sterile water 
without flaming. The petioles were then transferred to as many 
tubes of potato-agar. 

On the following day one or more mycelia had developed on all 
but the flamed petioles. Several of those merely washed in sterile 
water showed several fungi and bacteria, while all others, 
especially those having been in formalin solution but fifteen 
minutes, seemed to have developed a single type of mycelium. 
Transfers were tnade from.ten such to fresh tubes of potato-agar 
and after testing were labeled +7B,, +7B., ete., --7Bio. 

—8B. A series of Macrophoma spore cultures was made from 
pycnidia on some leaf-petioles which had died following an in- 
oculation in the leaf-axils. The dead petioles were collected 
August 25, 1908, and the cultures were made as above. The 
series was labeled —8B,, —8B., —8Bs, ete., —8Bs, after the test. 

—oB. On the same date another series was obtained from 
similar spores borne on dead petioles of shoots which had been in- 
oculated with +A8, +2A,and—B. After testing the tubes were 
labeled — 9B,, — 9B,, etc., — B;. 
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--10B. Series +10B was. prepared September 8, 1908, frown ; 
coils of Dothiorella spores exuding from small botryose stromata ; 
which had developed on the thicker portions of shoots whose tips 
were found dead and roughened by Macrophoma pyenidia, : 
August 1, 1908. ‘i 

-+C. Another series of cultures from ascospores was obtained _ 
April 22, 1909, from rather effuse botryose stromata on the basal _ 
portions of branches of a bush in the greenhouse which had been — 
inoculated with +A, on April 28, 1908. The series proved 
chromogenic and was labeled +C,, +C., ete., +Cy. — | 

+2C. April 24, 1909, another series of pith transfers was made 
from shoots which had been infected during the previous season — 
and had numerous small Dothiorella stromata on the dead parts. 
The series was designated +2C,, +2Cs, ete., +2C;. 

+3C. An additional series of chromogenic cultures was se- 
cured from Macrophoma spores April 24, 1909, which had de- 
veloped on shoot-tips inoculated with +A, June 17, 1908, in the 
Geneva patch. The series was named +3(,, ete., +30. 

+4C. On May 17, 1909, series +4C,, +4C., ete., was made 
from ascospores developed in rather effuse botryoid stromata near — 
the base of a bush in the greenhouse that had died fold an 
inoculation with +A,, April 28, 1908. 

—5C. Series —5C,, —5C., ... —5(, was obtained May 19, 
1909, from the pith of large, partly living stems bearing the typi 
eal botryose stromata containing immature perithecia and some ~ 
pycnospores. | 

+6C. On the same date a set of cultures labeled +60, A 
+6,, etc., +6C;, was made from Dothiorella spores produced in 
large effuse botryose stromata in the bark of old stumps of bushes 
that had died to the ground during the preceding year, and had 
been cut off. The stromata also contained immature perithecia. 
The material was collected near Highland, N. Y. ee 

+7C. On May 29, 1909, the series +7C,, +7C,, +7C,, and 
--7C, was isolated from the pith of R. nigrum branches, and 
-+7C; from the pith of &. vulagre branches obtained in Rochester, — 
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N. Y., and bearing the typical botryose stromata with sporulating 
pycnidia and immature perithecia. 

+8C. From the pith of recently infected shoots of R. vulgare, 
collected near Milton, N. Y., July 2, 1909, the series +8C,, +8C,, 
etc., +8C., was secured. 

+9C. This series was isolated from the pith of what seemed 
recently infected shoots of . Grossularia collected in Rochester, 
July 14,1909. Only +9C, and +9C; gave color on starch paste; 
9C3s, +9C, and 


the series was therefore labeled —9C,, —9C,, 
+9C;. | 

—10C. The series —10C was made on July 20, 1909, from 
Macrophoma spores ‘borne in pyenidia in the discolored primary 
cortex of a normal looking currant shoot near Milton, N. Y. ° 

-+11C. On the same date the series +11C,, etce., +11C, was 
made from yellowish-green leaf-petioles with shriveled, green 
blades. They were washed with sterile water, placed in a 1 per 
et. formalin solution for fifteen minutes and then again washed 
in sterile water before transferring to potato-agar tubes. As it was 
several days before the transfers could be made from these tubes, 
the mycelia had completely covered the available surface. It was 
also found that sporulating: Macrophoma pyenidia had developed 
on the petioles. ‘he spores proved chromogenic. 
_-+12C. A similar series from ‘petioles was made August 3, 
1909, and labeled 4-12(C,, +12C., ete., +12C,. Again there was 
a development of sporulating Macrophoma pycnidia on the 
petioles. | 

The mycelia isolated during 1910 were simply tested for chro- 
mogenesis on alkaline starch-paste and discarded, since it had been 
found that pathogenicity and the development of color on starch 


paste are correlated. 
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SOME CULTURAL CHARACTERISTICS OF THE 
FUNGUS. 


On beet or potato plugs, alfalfa or bean stems, potato-agar and 
various other solid media, as well as in plant decoctions the fungus 
erows luxuriantly, but most of the liquid synthetic media tried 
seem less favorable for its growth. Solid media with acid.reaction 
are decidedly more conducive to growth than media which are 
neutral or alkaline. It has not been shown, however, whether it is — 
the acid reaction of media that furthers the vegetative processes, or 
whether the presence of a base or the accumulation of alkaline by- 
products inhibits growth. In this connection it is well to note that 
litmus-potato-agar slants, made sufficiently acid to have a strong 
red color, are entirely changed to blue in about a week, by growing 
the fungus on them. On the other hand, the purplish, wine color 
of litmus-potato-agar (about +10 to +13 on Fuller’s scale) is 
changed to a wine color instead of a blue. On otherwise suitable — 
solid media, to which either too much acid or alkali had been | 
added, the growth is, of course, retarded (within certain limits) 
according to the degree of excess; but the interesting fact is that 
the increase above normal acidity tends to a greater development 
of aérial mycelium, while its reduction below the normal, or 
alkalinity, tends to a reduced production of aérial mycelium, with 
a relatively more conspicuous growth in or on the substratum. | 

During a few days after transferring to natural potato-agar, the — 
aérial mycelium develops as a loose, whitish colony about 5 mm. 
high, when a greyish color begins to develop about the transfer, and | 
gradually spreads towards the growing periphery of the colony. 
This progressive darkening continues until by the time the whole 
of the available substratum has been covered by fungus growth the 
region to which the transfer had been made has become 
olivaceous; and in time the whole surface is olivaceous-black, al- 
though in some cases aérial tufts of an unusual height may yet be. 
only dark grey. The transfers made directly from host tissues or 
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from old, dormant, dry cultures grow more vigorously and luxuri- 
antly, and become olivaceous and darker earlier than do spore 
transfers or transfers from normally growing cultures. 
Growth was more luxuriant on potato-agar to which had been 
added malic or tannic acid, dihydrogen potassium phosphate 
(KH,PO,), peptone or asparagin than it was on the potato-agar 
alone; but it was less abundant on potato-agar to which hydrogen 
dipotassium phosphate (K.HPO,) had been added. A very good 
growth also developed on cotyledons of A’sculus Hippocastanum. 

The fungus also grew on filter-paper (0.00008 gr. ash) moist- 
ened with distilled water, although very slowly and sparsely; it 
vegetated until all the available paper had been covered with a 
whitish-grey mycelium, then changed to a dark grey. The 
cultures were prepared as follows: Several paper circles were 
placed in each of a number of crystallizing dishes which were 
about 12 cm. in diameter, a similar but much smaller dish (50 ce. 
capacity) was inverted on the paper in each. After adding 45 ce. 
of distilled water to each erystallizing dish and covering each with 
a ground glass cover, all were sterilized. The transfers of 
mycelial masses were placed on the periphery of the papers. On 
account of the slowness of growth the inverted water-reservoirs 
proved a convenience. 

Most of the general synthetic media in use aioe to be unsuit- 
able nutrient solutions for this fungus, and a better growth 
usually occurred when such solutions were used with agar-agar. 
But Czapek’s medium as modified by Dox” seemed to meet the re- 
quirements fairly well. However, as stated above, dihydrogen 
potassium phosphate was used instead of spentgzas dipotassium 
phosphate. 

Chromogenesis.— The general cultural characteristics given 
above were the same for the mycelia of both the chromogenic and — 
the non-chromogenic cultures, except that the former when in a 


9. A. W. Dox. The intracellular enzyms of Penicillium and Aspergillus, 
with special reference to those of Penicillium camemberti. U. 8. Dept. Agrl., 
mur. An. Ind. Bul. 120:1-70. 1910, 
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poor vegetative condition or in a practically nonpathogenic state, a 
were always found to grow very meagerly even on the most suitable — 
media, while no differences could be detected in the growth of the 
latter during their semi-pathogenic periods. The striking differ- 

ences in the pathogenicity of the mycelia at different times become 
very apparent on consulting the inoculation records, especially the — 
experiments made June 27-and August 16, 1907, May 6, June 23, 
July 38 and August 10, 1908, and June 28 and July 8, 1909. 
However, when both types of mycelia were in good vegetative con- 
‘dition the only constant distinction that could be made between — 
them in cultures on liquid or solid media was the development of — 
a purplish-pink color on neutral or alkaline starch-paste (or some 
highly starchy substance) by one and not by the other, when grown 
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in daylight. When fresh potato-agar cultures were left in strong 
diffuse daylight the chromogenic mycelia usually developed pink — 
-color although its occurrence was somewhat inconstant. The addi- — 
tion of malic acid (+15 to +40 on Fuller’s scale), peptone, or — 
asparagin to potato-agar not only increased the growth of all — 
mycelia as noted above, but also the formation of the pink color by — 
the chromogen. When these media were made alkaline (—4 on | 
Fuller’s scale) growth was less than on ordinary potato-agar, and — 
the pink color failed to develop. That is, the appearance and - 
relative intensity of this color seemed to depend mainly upon the ~ 
degree of metabolic activity, as is said to be characteristic of the — 
pigmentation of certain animals.’° 

A similar pink color was also produced by the chromogen in 
some synthetic media when exposed to daylight. Sullivan’s- 
“FF, although permitting comparatively slow growth, | 
often gave a similar though transitory color. The medium giyen 
by Balls,” in which urea was substituted for Liebig’s extract (1e- 
action about —8 after sterilization) permitted even less growth, 
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10. C. W. Hargitt. ‘Some unsolved problems of organic adaptation. Proc. 
Amer. Assoc. Advance. Sc. 58:511-34. 1904. 

1l. M. X. Sullivan. Synthetic culture media and the biochemistry of. bac: 
terial pigments. Jorn. Med. Research 14:109-60(116). 1905. 

12. W. L. Balls. Temperature and growth. Ann. Bot. 22:557-91 (565). 
1908. 
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but occasionally gave a slight pink color. The growth on Czapck’s 
solution as modified by Dox, was fairly good and usually produced 
the pink color in cultures of the chromogenic form but the color 


-- became more intense and constant when dextrose was substituted 


for saccharose, while lactose permitted scarcely any growth, and 
gave no color. 

After sterilizing this medium with maltose as the carbon source, 
the reaction was about +8 on Fuller’s scale (phenolphthalein ) 
but when the fungus had been grown in about 25 cc. of the solution 
eight days, its reaction was only about +1.5 (average of 5 titra- 
tions) for both types of mycelia, and a decided pink color had been 


-_ developed by the chromogen. When dextrose was used the reaction 
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of the medium before the introduction of the fungus, was +4, and 
eight days later only +-0.5 (average of 4 titrations). The reduc- 
tion of acidity in such liquid media was equally true of both 
mycelia, just as the growth on potato-agar resulted in the same 
reaction, as indicated by a litmus indicator. However, the appear- 
ance of this pink color was sometimes erratic, and therefore this 
medium has but little diagnostic value for this fungus. The pig- 
ment developed in these sugar solutions could not be bleached with 
hydrochloric acid, and for that reason it probably differed at least 
in form from the pigment produced on starch paste, for the latter 
is bleached on the addition of the acid. 

On finding that starch paste may prove a ditlerentiating 
medium, a very simple method of preparing it was developed. It 


was found that 15 grams of starch per 100 ce. of water, kept in 
fairly uniform suspension by frequent stirring or agitation, then 
distributed in about 20 ce. portions to 200 cc. Erlenmyer flasks 


by means of the large end of a 25cc. pipette, and finally ster- 
ilized in an autoclave at 120° C. gave a very satisfactory and uni- 
form, jelly-like paste. Pastes of commercial corn, potato, and 
wheat starches were found as satisfactory and reliable as that of 
specially prepared starch, provided the required reaction obtained 
after sterilization. Corn starch was always used except for com- 
parative tests, because it was most readily secured, and because it 
resisted hydrolysis at a higher degree of acidity than the others. 
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The fungous growth was always better on potato-agar than on 


starch paste, even when paste was given its optimum reaction (+4 — 


to +8); and of course the more the reaction varied from the 


optimum the slower and more meager was the growth of the ~ 


fungus; however, slight growth occurred even when the reaction 
was +20 or —20. The optimum reaction for growth did not coin- 


cide with that of greatest reliability for color formation; for al- 


though transfers from dormant stock cultures and from those in 
specially vigorous vegetative condition usually developed color 


after a few days on starch paste, with an initial acid reaction as 


high as +-6, transfers from chromogenic cultures in rather poor 


vegetative condition often failed to develop the color on slightly 4 


acid paste while on neutral or slightly alkaline paste the color 
was always produced. Although the reaction most conducive to 
growth was between +4 and +8, neutral or alkaline paste proved 


the more reliable medium for the color test, probably. because the — 


alkalinity required for the development of this color was thus 
provided, so that even slight vegetative activity sufficed to produce 
it, as may be inferred from the fact that degrees of alkalinity 
nearly inhibitive to growth invariably gave the color. An initial 
reaction of +12 prevented the appearance of color although con- 
siderable growth occurred. Cultures on flour pastes of the com- 
mon cereals and other starchy. substances also gave rise to the 
‘same color when the required initial reaction was provided. 

As stated before, daylight was found an essential factor in the 
chromogenesis of this fungus. The color was never obtained in 
cultures grown to maturity in a dark room, nor did any color de- 


velop in cultures exposed continuously at close range to three Wels- 


bach lamps during several days and nights. However, such cultures 
developed a most brilliant color over the whole of their overgrown 
surfaces a few hours after exposure to daylight. After the my- 
celium had grown over a considerable part of a surface of paste 
which was too acid for chromogenesis, the color did not appear at 
once on the addition of an alkali, but was developed at the 


periphery of the colony a few hours after the addition, and never 
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appeared on the older growth as it did in the cultures in which 
chromogenesis had been prevented by keeping them in a dark 
room. The metabolic by-products giving rise to the color in 
alkaline paste, seemed to have become permanent leuco-bodies in 
the interior of the colony before the reaction was changed. The 
addition of one of a number of acids to young starch-paste cul- 
tures having a rich purplish color (before the older parts of | 
colonies have become the rusty-brown color of age) causes the 
color to disappear gradually, but the older, rusty-brown phase of 
the color seems but little affected by acids. 

Composition of starch.— Meyer’s” researches indicate that ordi- 
nary starch-grains are laminated or striated spherocrystals, com- 
posed of alternating layers of densely and loosely arranged radiat- 
ing trichites which consist of amlylose, in two degrees of hydration, 
and amylodextrin. His b-amylose and amylodextrin are soluble in 
boiling water, while his a-amylose or amylose-anhydride is insol- 
uble in water except when heated as high as 140° C. The denser, 
thicker layers of a grain, which he suggests are formed during 
periods of relatively high concentration of the starch-forming sub- 
stances in cells, are thought to be composed mostly of a-amylose 
trichites while the thinner, looser layers are made up of b-amylose 
and amylodextrin trichites. But according to Kraemer’ re- 
serve starch grains are a polymerization product of sugars with an 
abstraction of water and consist of two erystalloidal (starch-cel- 
lulose and granulose) and a colloidal substance; the layers of the 
latter are said to have an especial avidity for aniline stains while 
those of the former stain blue with dilute iodine solutions. How- 
ever, Fouard’? concludes, from his extended studies and experi- 
ments that starch is a homogeneous substance, capable of complete 
physical solution. On the other hand the work of Maquenne and 


13. A. Meyer. Untersuchungen tiber die Stiirkekérner. Jena. 1895. pp. 
334. 

14. H. Kraemer. The structure of the starch grain. Bot. Gaz, 34:341-54, 
1902. 

15. E. Fouard. Uber die kolloidaten eigenschaften der Stiirke und die 
Einheitlichkeit ihrer Beschaffenheit. Jahreshr, Agrl. Chem. 3. Folge, 11:483. 
1908. ji 
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Roux,” Gatin—Gruzewska,'’ and others seems to indicate that the 


denser layers of a potato starch-grain consist of an insoluble 
amylopectin, (a glycogenous body) and the less dense layers of a 


group of soluble amyloses. It seems probable that this diversity 
in conclusions regarding the composition of starch is mainly due 
to the differences in the methods employed; and it appears that 


Meyer’s method in studying its composition in relation to the 
formation and structure of its grains would prove more profitable - 


than the mere study of its empirical composition. At any rate, the 
conclusions of Meyer and Fouard seem more in accord with the 
reactions in these cultures; that is, starch ‘seems to be a homo- 
geneous body as far as its cultural value and chromogenic proper- 
ties are concerned. Cultures of the chromogenic fungus on the two 
constituents that Gatin—Gruzewska’s methods are said to separate 


resulted in the development of the characteristic purplish-pink 


eolor on both. 


SOME OTHER FUNGI TESTED ON ALKALINE STARCH-PASTE. 
Among the fungi transferred to alkaline starch-paste the fol- 
lowing failed to grow: <A Botrytis from decaying lettuce, an 
Eurotium from dead currant stems, Yusarium oxysporum, a 


Penicillium found growing on normal malice acid, Rhizopus mgri- 


cans and Valsa Pint. 


The following made some growth although often meager and 
constantly nonchromogenic: an Alternaria from a decaying 


pear and one from dead currant stems, a Botrytis from leaves, 
fruits, and dying shoots of currants, a Haplosporella from 


dead currant stems, Macrophoma hyalina, Mycospherella citrul- 


lina, Nectria cinnabarina, Penicillium penophilum, a Periconia 
from dead currant stems, a Rhizoctonia from Dianthus, Sporotri- 


chum Pow, a fungus found parasitizing shoots of Ribes Grossularia — 


16. Maquenne and Roux. Recherches sur l’amidon et sa saccharification 


diastasique. Ann, Chem. et Phys. 8 ser. 9:179-220. 1906. 


17. Z. Gatin-Gruzewska. Uber die Zusammensetzung des Stirkekorns. — 
Jahresbr. Agr. Chem. 3. Folge 11:480. - 1908. Zentralbl. Agr. Chem, 38: © 
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after they had been mined by the larvee of the moth, Opostega 
nonstrigella,’* and one causing a rot of asparagus sprouts. 

Moniha sitophila developed a very sparse growth and a 
pale salmon color, and Neocosmospora vasinfecta produced a con- 
siderably better growth and a rose-salmon color on the paste. An 
unknown fungus obtained through the kindness of J. K. Wilson 
of this Station, who found it as a contamination in cultures of 
milk bacteria, developed a color which seemed identical with that 
of Botryosphaeria Ribis. However, when the paste was made 
more than seven degrees acid a light yellow color was produced. 
It seems therefore that alkaline starch-paste is a convenient 
medium not only for distinguishing the Ribes blight fungus from 
its nonchromogenic form but is probably also of use in deter- 


mining whether or not a recent collection of diseased or dead Ribes 


material was injured by Botryosphwria Ribis by simply dropping 
pieces of the material into flasks of alkaline paste. This method 
of identification was often used during the latter part of this work 
with material from this and other States; it is especially con- 
venient when neither stromata nor spores are present on the 


_ specimens. 


GERMINATION OF THE SPORES. 


The Macrophoma spores from fresh material always germin- 
ated freely in tap or distilled water, or in nutrient media in 8-18 
hours, and from material left in the field over winter (nine 
months) about 60 per ct. germinated in 24 hours. But from sim- 
ilar material kept in the laboratory during the same time only 
about 10 per ct. grew, and none proved viable from such material 
after being stored in the laboratory one and a half years. 

The Dothiorella spores germinated equally as well and proved 
as resistant as the Macrophoma spores, although in some cases 
they required a few hours longer for germination. The ascospores 
reacted similarly; however on one occasion in a large series of 
the nonchromogenic type in drop cultures of sterile tap water 


about 65 per ct. had germinated in three hours. (See p. 146.) 


18. J. G. Grossenbacher. Medullary spots: a contribution to the life his- 
tory of some cambium miners. N, Y. St. Agrl. Expt. Sta. Bul. 15:49-65. 
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INOCULATION EXPERIMENTS. 


SPORE INOCULATIONS. 


On June 18, 1907, a number of currant bushes near Milton, 
N. Y., were inoculated in shoots produced the previous season, and 
others in the spring growth by placing coils of Dothiorella spores 
(exuded from small stromata in the lower, dead, portion of a stem ~ 
whose terminal 3 dm. seemed to have died during 1906) into 
wounds made with a sterile knife, by cutting short tangential 
slits and then carefully pressing the sliver of bark back again to 
retard evaporation. Four checks were prepared in the same way 
except that no spores were introduced. No infection was evident 
on October 7 (1907), and normal callus was found to have been 
formed about all of the wounds examined. 

On July 2, 1907, a half dozen shoots of each of two bushes in 
the Geneva patch were inoculated with Dothiorella spores sus- 
pended in sterilized water, by diffusing a dozen spore-coils which 
had exuded from stromatic shoots in a moist chamber into water 
and transferring drops of the suspension to wounds made in the 
bark — these wounds being then covered with grafting wax. Sev- 
eral drops of the suspension were also placed on the tips of each 
of five uninjured growing shoots on another bush and left unpro- 
tected. There had been a slow, forty-hour rain and the day re- 
mained cloudy. Three months later no infection was evident, but 
after two years two of the wound-inoculated shoots were found 
wilted, and examination showed them to have dead, dry regions of 
fifteen or more centimeters in extent about the old inoculations, 
and these dead areas contained the usual stromata. 

Coils of Dothiorella spores, exuding from small stromata im a 
canker on a recently wilted stem, were bound tightly against the 
bark of eight shoots on July 19, 1907, with thin ropes of green 
grass. No infection resulted. 

On May 18, 1908, funnel-shaped cups were made about leaf-_ 
axiles on one each of two dozen shoots by enclosing the axis and 
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petiole in a-band of grafting wax. Large ascogenous stromata 

containing numerous viable spores were taken from typically 
blighted stems (Milton, May 1, 1908) and placed into the cups 
which were then sealed by compressing the open ends about the 

included axis and petiole. About a month later the shoots ap- 
parently had not been infected, but several of the leaves, parts of 
whose petioles were inclosed by the wax cups, had died, and 
Macrophoma pycnidia were present on these petioles. Series 
—8B was made from this fungus. 

Seven inoculations were made on young shoots in the green- 
house June 16, 1908, by introducing coils of Dothiorella spores, 
which had exuded from a bush killed after wound inoculating it 
with +2A, (January 31,:1900). The inoculated wounds were 
wrapped with sterilized moist cotton and covered with grafting 

_ wax.— Three months later four of the shoots had died. 

In late summer (8—5—’08) the two types of ascogenous stromata 
(exuding spores) used to make the culture series +4B and —5B 
were placed in the axiles of leaves in the Geneva patch during 

a rainy, cloudy day and left unprotected. The large, scattered 
stromata from large stems were laid into each of three leaf-axiles 
of four other plants after first puncturing the adjoining bark of 

_ the axes with the point of a scalpel. The other type of stromata 

was used similarly on a like number of plants. No infection 
occurred. 

In the Geneva patch, grafting wax cups were made about a 
near-terminal leaf-axile on each of three shoots of six bushes of 

_ the variety Cherry, on three shoots of each of four Wilders and 

on each of three shoots of two plants of R. nigrum (August 8, 
1908). Several drops of sterilized water containing large num- 
bers of ascospores, obtained from the above described stromata, 

_ were run into each cup and the cups left open. Four days after- 

wards a similar suspension was introduced into each cup and 
sealed in. No infection was found to follow, although in a few 

_ cases slight discoloration seemed to have been produced. 

On September 5, drops of the above type of spore-suspension 
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were put on most of the leaves of three bushes in a greenhouse. 


The drops placed at the junction of laminz and petioles adhered 


better than those on any other portion of the leaves. One plant 
was put into a moist chamber and shaded from direct sunlight, and 


two shoots of another one were enclosed in large paper bags. No 
infection followed. | 
The numerous Macrophoma pyenidia on dead shriveled shoot- 


tips, killed during late summer of 1908 by new infections and 
collected August 26, 1908, were found still to contain great 
quantities of viable spores. On February 4, 1909, drops of 
sterilized water heavily charged with these spores were placed in 
profusion upon the emerging leaves and shoot-tips of four bushes” 
in a greenhouse; but no infection occurred. Two weeks after the 
above date a like spore suspension from the same source was 
liberally applied to the leaves, petioles and leaf-axiles of a bush 
in the greenhouse, and the application repeated three times dur- 


ing the same day. ‘There was no evidence of infection two 
months later. 


On the 8th of the following month two plants in the same 


house were given a like treatment using unsterilized water. One 


of the bushes was placed inside a moist chamber, but the effort 


was entirely ineffective. 


March 18 a bush (in the same house) was given a thorough 
treatment with a Macrophoma spore-suspension from the above — 
source in sterilized water, and to another bush a similar treat- 
ment with an ascospore suspension from the material used above. 
The treatments were repeated a month later. No evidence of 


infection could be found. 
On May 17, 1909, the leaves and leaf-axiles of two bushes 
(same place) were treated with a spore suspension made up in 
sterilized water from the same material from which —— 
series +4C was obtained. No infection developed. a 
July 6, 1909, bits of bark thickly set with Macrophoma were 
bound against young shoots just below petiole bases, with moist 
absorbent cotton and covered with melted paraffin to prevent dry- 
ing out. The bits of bark were obtained from recently infected 
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shoot-tips collected near Milton, N. Y., July 1, 1909. Three or 
more shoots on each of three bushes of the variety Wilder and 
five on the varicty Fay’s Prolific were thus inoculated. In a few 
eases rubber tissue was used in place of the cotton. One of the 
shoots wrapped with rubber died; but all others seemed unin- 
jured, though a year later two others had died. 
The day after the above inoculations were made, spores from 
the same collection suspended in sterilized water were placed into 
some leaf-axiles of seven bushes of the above varieties and sur- 
rounded with moist absorbent cotton and covered with grafting 
wax, Although no infections were noticed during the remainder 
of the summer, a few of the irioculated shoots failed to leaf out 
the following spring and were found to have the typical 
Dothiorella stromata and spores of the chromogenic fungus, May 
2, 1910. 

Macrophoma spores, from material collected near Milton, 
August 3, 1909, suspended in sterilized water were used to in- 
oculate from six to twelve young shoots on each of twelve bushes 
en August 11. They were of the varieties Wilder, Fay and 
Cherry. On four bushes the suspension was applied to scars left 
by removing leaves, on four others to bark pricked with a large 
needle, and on four to leaf-axiles. All spore-transfers were coy- 
ered with grafting wax. No infection became evident until the 
following spring, when it was found that five of the shoots inocu- 
lated on pricked bark had failed to leaf-out, and on May 2, these 
contained Dothiorella stromata, some of which were sporulating. 
Transfers from the pith tissues proved chromogenic. 

Ten days after the above experiment was started it was duph- 
cated, except that mycelial-transfers from +4B, and +2C, were 
used for infection material for half the bushes and that potters’ 
clay instead of grafting wax was used for covering. About three 
weeks later the clay covers were found much cracked and weath- 
ered, many having entirely fallen off. No infections resulted. 

On April 8, 1910, a suspension was prepared with viable Macro- 
phoma spores obtained from dead shoots collected near Milton, 
N.Y. August 3, 1909, in sterilized water. Transfers were made 
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to leaf-axiles of many young shoots (greenhouse) which had liv- 
ing, primary cortex. No infection was evident a month later. 
The above experiment was repeated April 21, using spores from 
the same source. Some shoots had living and others dead primary 
cortex. No infection was noticeable a month and a half after- 
wards, but bits of bark taken from a number of inoculated leatf- 
axile regions after the removal of the primary cortex, when trans- 
ferred to alkaline starch-paste, developed fungous growths which 
resulted in the production of the characteristic purplish-pink color. 
The experiment was again repeated on April 30 except that the 
suspension was transferred to and sealed in grafting-wax cups 
made about leaf-petioles of shoots, some of which had living and 
others dead primary cortex. Six weeks later no evidence of infec- 
tion was apparent, but the bark under the primary cortex of three 
out of six shoots tested developed the chromogen on starch paste. 
On the same date the experiment was duplicated, using a sus- 
pension of Dothiorella spores which had exuded from large 
botryose stromata near the base of a dead bush (greenhouse) that 
had been inoculated with +A,. No visible infection occurred. 
On June 6, 1910, some bits of bark thickly set with Maero- 


phoma pyenidia and others with sporulating Dothiorella stromata — 


were firmly pressed against the bark of young shoots with bands 
of grafting wax. The Macrophoma material was obtained from 
the collection made near Milton on August 3, 1909, and the 
Dothiorella from shoots collected May 5, 1910, and which had 
died following an inoculation with Macrophoma spores, August 
. 11, 1909. A month afterwards there was no infection apparent, 
but all of the pieces of bark from under the primary cortex of 


several inoculation points gave rise to the purplish-pink color when 


transferred to alkaline starch-paste. 


MYCELIAL INOCULATIONS, 
On March 25, 1901, two one-year-old and two two-year-old 
shoots of currant bushes in a greenhouse at Ithaca were wound- 
inoculated by transferring mycelium from subcultures whose orig- 
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inals had been isolated from newly collected material November, 
1900 (—1900 N), to wounds in their bark (made with a sterile 
instrument) and covered with grafting wax. Check wounds were 
similarly covered. ‘Three months later none of the inoculated 
shoots were dead, although some showed slightly discolored tissues 
about the points of inoculation; the checks seemed normal. 

One and two-year-old bushes of the varieties Fay Prolific 
and Lee’s Prolific were used for a similar but more extensive in- 
oculation experiment, in a greenhouse on May 20, 1901; sub- 
cultures of —1900 N were employed. ‘Two shoots of each of six 
plants were wound-inoculated with mycelium from old cultures, 
and the wounds covered with grafting wax. Six others were sim- 
ilarly treated, but their wounds were covered with cotton. ‘Twelve 
other plants were treated lke the above twelve except that stro- 
matic masses from cultures instead of mycelium was used. Checks 
were prepared for each set. ‘The results were the same as those 
following the first experiment. 

At Ithaca, N. Y., on July 5, 1901, four wound-inoculations were 
made in shoots of Lee’s Prolific (in the open) with mycelium 
(+1901M) recently isolated from a dying currant stem. Kleven 
days afterwards all of the inoculated shoots had wilted, while as 
many controls were healthy. 

A more extensive inoculation experiment was made at the same 
place July 28, 1901, with mycelium-(+1901J) obtained from 
pycnospores in stromata of old currant stems. Ten green shoots of 
Lee Prolific in a greenhouse were wound-inoculated ; five wounds 
were covered with grafting wax and five with cotton. Ten shoots, 
out in the open and already having browned primary cortex on 
the current season’s growth, were similarly inoculated and cov- 
ered. Ten shoots of R. Grossularia were also similarly inoculated 
and covered. Series of check wounds for each set were similarly 
covered with wax and cotton. Ten days later all of the inocu- 
lated currant shoots in the greenhouse and all but one of RF. 
Grossularia' seemed normal, while all except one of the currant: 
shoots in the open had wilted. The checks appeared normal. 
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In Washington, D. C., on August 16, 1901, subeultures of the 
above mycelium (--1901J) were used to inoculate currant shoots 
whose primary cortex of the seasen’s growth had already browned. 
Five wound-inoculations on young shoots were covered with graft- 
ing wax, five with cotton and five others with paper. Five wound- 
inoculations on two-year-old shoots were wax-covered. Five young 
shoots were inoculated by transferring mycelium to the uninjured 
tissues and covering them with cotton. Checks were prepared for 
each set. A little more than a month later one of the young shoots 
(wax-covered) had died, three of them showed some discolored tis- 
sues about their wounds, while one seemed normal. Two of those 
having the inoculations covered with cotton had died, one seemed 
normal, and the others had some discolored tissues about their 
wounds. our of those covered with paper had died and the other 
one showed some browned tissues about the wound. One of the 
two-year-old shoots had died, one seemed normal, and there was 
more or less browned tissue about the wounds of the others. All 
of the checks seemed normal. 

On June 27, 1907, three shoots of each of twenty-eight two-year- 
old bushes near Milton, N. Y., were inoculated with transfers 
from three-day-old cultures of + As, +A,4, —A;, —A,, and +Ag 
which were each transferred to scalpel wounds on three bushes, to 
bruise-wounds on three, and to uninjured bark of three others. 
One shoot on each bush was prepared as a check and all were — 
covered with grafting wax. After three weeks all branches 
inoculated with +A,, +A, and +Ag into sealpel wounds 
and about half of those in which the transfer was put on 
bruised bark, had wilted or died down to a little below their 
- inoculations, while only about 2 per ct. of the shoots wound- 
inoculated with —A,; and —A, had slight discolorations under 
the grafting wax. However several of these shoots failed to 
leaf-out the following spring while by that time some of those in- 
oculated with +A,, +A, and + As had died nearly to the ground; 
both were found to have botryose stromata breaking through 
the bark, containing a typical mixture of sporulating Dothiorella 
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pycnidia and immature perithecia. The wounds seemed to have 
developed normal callus in those cases where the plant still lived. 
The checks remained uninfected. 

_ August 16, 1907, three young shoots in the above plantation 
were wound-inoculated from fresh cultures of —A;, five from 
—A,, and fifteen from + A,, including seven to uninjured bark. 
All inoculations and the wounds on five checks were covered with 
grafting wax. A month later every shoot wound-inoculated with 
+ A, had died to a little below the wax cover; but the uninjured 
shoots seemed still to have normal bark under the wax. The 
checks as well as those inoculated with —A; and —A, had normal 
callus about their wounds. 

Three shoots of each of six two-year-old bushes which were leaf- 
ing out in the greenhouse in Geneva were given wound-inocula- 
' tions from vigorous alfalfa-agar cultures of +A,, +A.s, +Aag, 
». +2A., —3A,, and +Asz, on January 31, 1908. The inoculations 
and the wounds on two checks were covered with grafting wax. 
On April 4, +A,, +As and —3A, seemed not to have taken, 
while +2A, and +A, killed in every case, and + A, killed two out 
of a possible three. The checks were normal. June 15 numerous 
coils of Dothiorella spores were found exuding from large, botryose 
stromata in the bark of the short main stems of the bushes whose 
shoots, inoculated with +A, and +2A., had died to the ground. 
Small sporulating stromata were also plentiful on the inoculated 
branches, but these were not exuding spores, probably because they 
were drier than those nearer the ground. The spores developed 
the chromogenic mycelia on alkaline starch-paste. The same 
stromata, on the same stems and on the basal part of the lower 
branches, were found to contain large quantities of ascospores, on 
April 12, 1909, which also were chromogenic. It seems there- 
fore that Dothiorella spores may be developed in five months or 
_ less, and that the ascospores are mature about a year after in- 
fection. 

_ Three very young shoots in the greenhouse were inoculated with 
+A,, February 17, 1908, by transferring the vigorously growing 
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fungus from a potato-agar tube to the green, tender, primary 
cortex, covering with sterile moist cotton, and encasing with 
grafting wax. +A, and +A, were similarly used for one plant 
each. Two of the inoculated shoots from each bush were removed 
to killing fluid (leaving but one on each plant) at intervals of four 
days, in order to get some idea of the resulting reaction. On 
April 4 the remaining shoots inoculated with +A, and +As 
seemed normal except for a slight, blackened cortical hypertrophy 
at the point of inoculation under the wax, but the shoot inoculated 
with +A, was dead to about 2 em. below the wax cover. 

On April 28, 1908, three young shoots on a bush in the green- 
house were wound-inoculated with transfers from a two-day-old 
culture of +A, on neutral potato-agar, three others similarly 
treated with + A, from a two-day-old culture on potato-agar made 
35 degrees acid on Fuller’s scale. Krom each of both the neutral 
and acid cultures of +A, transfers were made to uninjured 
bark of three shoots. All inoculations were covered with grafting 
wax. The experiment was repeated with both +A , and —B, 
while +A, was only transferred to six uninjured shoots from an 
acid culture. A month later the six shoots wound-inoculated with 
+ A, had died, but the other three seemed normal. The wound in- 
oculations with + Ag, also seemed equally effective from both neu- 
tral and acid cultures; two of each having died. The twelve shoots 
inoculated with —B and the six inoculated with + A, were un- 
affected. A year afterwards one bush wound-inoculated with +A, 
and one wound-inoculated with + Ag, had died to the ground. The 
other shoots which had previously been affected had died down to 
the main axis, and those previously unaffected were still normal. 
The stromata and spores on the dead bushes were identical with 
those following the inoculations made January 31, 1908. 

In a much blighted plantation near Milton thirteen normal 
shoots about 5 em. long were inoculated (May 6, 1908) by placing 
transfers from vigorous cultures of --2 A. in tubes of potato-agar, 
to which had been added a decoction from stems with numerous 
stromata of the blight fungus to uninjured twigs, covering the 
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transfers with sterile moist absorbent cotton and encasing in graft- 
ing wax. An equal number were similarly inoculated with each 
of +Ags and —B from cultures on the same medium neutralized 
with calcium hydroxide. A month afterwards all inoculated shoots 
seemed normal, but a number of leaves with petioles inclosed by 
cotton-wax covers had died and contained sporulating pycnidia of 
-a Macrophoma, which proved nonchromogenic. However three 
and a half months after inoculation three shoots treated with 
+Ag, three with +2A, and five with —B were dead; but the 
presence of a nonchromogenic Macrophoma on some of their 
petioles, and since the bushes were in a diseased patch, as well as 
because they were dug in autumn, make it uncertain whether death 
was due to inoculations, natural infections, or some other cause. 

Six wound-inoculations were made (June 17, 1908) with each 
of —A,, +As, +2A,, + A, —3A,, —3A;, —B, +2B, and —2B,, 
from four-day-old potato-agar cultures on young shoots in the 
Geneva patch, and covered with grafting wax. Three weeks 
afterwards one shoot of each set inoculated with —3A,, —3As, 
and — B had died. Five treated with -+- Ag and six or all 
of those inoculated with +2B, and +A,, but only two 
with +2A,, and none of those treated with —2b;. T'wo. months 
after starting the experiment all treated with + As had died, four 
of +2A;, two each of —A,, —3A,; and —B, and one each of 
—3A, and —2B;. One of the shoots inoculated with +A, had 
the typical sporulating pyenidia of Macrophoma from which the 
choromogenic series +3C was obtained. About a year after 
inoculation several had died either entirely or nearly to the 
ground, and bore the large botryose stromata on the larger stems 
and smaller ones on the branches. ‘The large stromata nearer 
the ground contained numerous immature perithecia and sporu- 
lating pycnidia, as well as some viable ascospores. In the 
stromata on the smaller branches there were sporulating pycnidia 
and fewer immature perithecia; in fact, the condition was 
very similar to that following the greenhouse inoculations. 
Many of the bushes on which the inoculation had taken were 
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still vegetating normally except that the inoculated shoots had 
died down a decimeter or two farther. 

On June 23, 1908, two young shoots of a bush in the Geneva 
patch were wound-inoculated with —A,* from a fresh culture and 
covered with grafting wax. The experiment was duplicated with 
each of +Asq,** —3A,, —B, +2B,, —2B; and +3C, on as many 
other bushes. A month later the two plants treated with —3A, and 
—B seemed entirely normal, the two inoculated with —A, and 
—2B, had each one dead shoot while those on which +A.q, +20, 
and +3C, had been used had cach two dead. No additional infec- 
tions were noticed when examined two months afterwards. How- 
ever, a year after inoculation a number of the plants on which the 
fungus had taken had since died to the ground, while in some the 
inoculated branches were dead, and the uninoculated branches 
were growing normally. On the dead stems and larger branches 
were Botryospheria stromata, some of which contained sporulat- 
ing pyenidia and immature perithecia; some only one or the other 
of these spore forms, while a few contained ascospores. It seemed 
specially important to find that'the only plant effectively mocu- 
lated with —2B,; was dead, and contained the typical Botryo- 
ospeeria spores, both in pycnidia and perithecia. Transfers from 
the pith of this plant, like the mycelium used, proved nonchromo- 
genic on alkaline starch-paste. 

July 8, 1908, three-day-old potato-agar cultures of —A,, —B, 
+B., —3A,, —2B; and +3C:. were each used to make two wound- 
inoculations on shoots of separate plants, the wounds being 
covered with grafting wax. After twenty days only one of the 
two shoots inoculated with —3A, had died, but all other inocula- 
tions had taken. A month later no further change was observed. 

On the above date similar cultures of +A,4, +2B,, and +3C, 
were used to make six wound-inoculations on ZR. nigrum bushes in 
the Geneva patch, and covered with grafting wax. On the fifth of 


the following August the inoculated shoots seemed to have been 


* A subculture of +A, after chromogensis had been lost. 
** A subculture of one of the remaining original cultures of +A, which had 
been kept in stock since June, 1907, without being retransferred. 


169 


dead some weeks; they had died down from 1—4 dm. below the © 
wax cover while ft. vulgare shoots usually die but 1—4 em. below. 
About a year later most of the aérial parts of the inoculated 
bushes had died and the dead stems and larger branches contained 
the typically mixed stromata in abundance. (See Plate VI.) 

Vigorously growing cultures of +3B,, +3B;, +38B;, +4B,, 
+4B,, +4B, and +4Bs; were each used to wound-inoculate 
three shoots in the Geneva patch (August 10, 1908) and similar 
cultures of —5B, and —6B; were each wound-inoculated on six 
others. Ten days later two of each set of three inoculated with 
+3B,, +3B;, +38B,, +4B,, +4B., +4B, and +4B, had died, 
all three inoculated with +4bs, and none of either set of six 
treated with —5b, and —6B; seemed affected. 

On June 28, 1909, transfers from young cultures of —B, 
—5B,, —5B., —6B;, —6B,, —10B, +Ci, +C3, +C;, +4Cs, 
+40;, +4C,, +7C,, +7C; and+7C; were each wound-inoculated 
into two shoots in the Geneva patch, and covered with grafting 
wax. At the end of a month all those inoculated with +(C,, 
-+C;, +Cs, +4C;, +4C;, +4C,, +7C,, +7C3 and +7C; were 
dead, one of each of those treated with —B, —6B,; and —6B, 
had died; while those inoculated with —5b,, —5B, and —10B 
were normal. Pith transfers from dead shoots inoculated with 
—5B. and —6B; proved nonchromogenice on alkaline starch-paste.’ 

The day after the above date a similar experiment was started 
by using +2C,, +2C2, +2C,, +38C,, +38C;, —5C., —5C;, +6Ci, 
+6C,; and +6C,, except that four inoculations were made from 
each culture. About a month later all shoots inoculated except 
those treated with —5C, and two treated with —5C; were dead. 
Pith transfers from the dead shoots inoculated with —5C; proved 
non-chromogenic on alkaline starch-paste. 

Growing potato-agar cultures of —B, —5B,, —5B,, —6B; and 
—6B; were each wound-inoculated on two shoots in the Geneva 
patch, July 8, 1909. The transfers and the wounds on four checks 
were covered with grafting wax. Twenty-two days after the 
inoculations were made the shoots treated with —5B., —6B;, 
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and the checks were normal, while two of the four treated with 
—5B, and five of each six inoculated with —B and —6B; had 
died. Pith transfers from the dead shoots inoculated with —B, 
—5B,, and —6B; were nonchromogenic on alkaline starch-paste. 

On August 13, 1909, an experiment was started to induce the 
production of Macrophoma pyenidia on inoculated shoots by in- 
serting eight shoots wound-inoculated with the chromogens +10B 
and +12C, into one-liter Erlenmyer flasks and plugging the 
openings with cotton. The flasks were supported by tying them 
to stakes. At the end of a month the inoculated shoots had all 
died, but no indication of pyenidia was observed. 


Transfers from vigorous cultures of +7B; and +8C, were 


placed on dying primary cortex of numerous shoots just basal to 
their leaf-petioles, June 13, 1910, and covered with grafting wax. 


Ten days later only a slight discoloration of the primary cortex 


and in a few cases some of the outer cell-layers of the bark were 
blackened. 

On June 30, 1910, the experiment was repeated using new 
cultures of +7B; and +7C;. The result was the same as in the 
previous experiment. But on February 24, 1911, about a third 
of the inoculated shoots of both experiments had either one or more 
of the included leaf traces blackened practically to the pith, and 
often with a blackened xylem group running lengthwise the en- 
tered wood cylinder, or much of the pith and wood blackened both 
above and below. ‘Typically blackened pieces of wood cut from 
the interior of six such shoots were found, by test, to contain the 
chromogenic fungus. 

On July 13, 1910, transfers from cultures of a chromogen, 
isolated from the pith of shoots which had been naturally infected 
near Milton a few weeks previously, were placed on the tips of 
many shoots in the Geneva patch and the points of inoculation 
covered with grafting wax. No infection seemed to follow, but 


during the following winter nearly half of the inoculated shoot- 


tips had been killed back from 0.5—3 em., and were found to 
contain the chromogenic fungus. 
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THE SEASONAL HISTORY OF THE HOST AS RELATED 
TO NATURAL AND ARTIFICIAL INFECTION. 


Although the inoculation experiments are not uniformly 
positive they are practically so when only wound-inoculations of 
the chromogenic fungus are considered, but taken as a whole, the 
results are erratic. The attempts to inoculate uninjured Ribes 
plants both with spores and with mycelia were mostly negative, 
although at certain times and when the transfers were sufficiently 
protected, a fair percentage of successful infections resulted. It 
seemed very significant that the time of year or the growth-stage 
of currants during which some infections through uninjured 
tissues were secured, and during which wound-inoculations were 
most successful, corresponds to the period or stage of develop- 
ment of the host in which infections occur naturally. The 
cultivated varieties of currants usually cease their elongation 
growth before mid-summer, and the following vegetative activities 
consist mainly of peripheral growth of shoots and in differentia- 
tion processes, such as the ripening of the fruit, the development 
of phellogen and periderm in the outer layers of the cortex, cutting 
off the outgrown and dying primary cortex; the differentiation or 
ripening of the stele tissues, as well as the development of resting 
buds, and the elaboration and storage of reserve foods for the 
following spring, or the next period of cambial activity. Accord- 
ing to a series of titration tests of expressed sap from shoots 
during the various vegetative periods, the acidity becomes some- 
what lower during the early part of this maturation period, while 
that of the leaves increases above that of some earlier stages. As 
may be gathered from the field observations made, most of 
the natural infections occurred during the earlier part of this 
differentiation period. Even when shoots which undergo a 
short and erratic secondary period of elongation became infected, 
the parasite was usually found to have entered the region of dis- 
colored primary cortex just basal to the green tip resulting from 
the secondary period of elongation. 
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In short it seems that currants are most susceptible to this 
parasite during the period of transition from active elongation- 
growth to that of the maturation stages; in the stage of transi- 
tion from longitudinal to transverse growth-tension. It is perhaps 
impossible to say whether susceptibility in this case depends upon 
the physical state of the host and the chemical condition of its sap 
or upon the dying of the primary cortex, as affording an easy 
trasition from the dead to the living tissues, before the cork-layer 
has become sufficiently resistant; or upon both. The simple ex- 
periments by Holzinger’ upon which he bases an hypothesis of 
natural immunity seem interesting in this connection. Some sem1- 
permeable copper-ferrocyanide clay-cups and some glass cylinders. 
were filled with a “ beer-sugar solution” and kept surrounded by 
water, or some solution at 37° C., and at room temperature. In 
from one to several days.the solutions had become turbid and 
numerous fungus and bacterial growths were present in the glass 
cylinders, while in the clay cells very little turbidity occurred. On 
decreasing the cell-lumen of the clay cells by inserting a glass 
cylinder, the solution was frequently still clear and entirely free 
from fungus and bacterial growths at the end of ten days. From 
such experiments it is concluded that ‘‘ osmotic motion ” hinders or 
prevents germ development but does not prevent turbidity due to 
chemical or enzymotic activities. It is therefore thought probable 
that normal living tissues are immune on account of osmotie ac- 
tivities in their cells, and that a reduction or cessation of these ac- 
tivities permits infection. However, since the relative degrees of 
“osmotic activity ” in the various seasonal stages of currants have 
not been determined, no definite comparison can be made between 
the period of greatest susceptibility and the relative osmotic condi- 
tion of the sap during that time. But even if this time or stage of 
least ‘‘ osmotic activity ” coincided with the period of greatest sus- 


19. F. Holzinger. 
I. Kine Theorie der nattirlichen Immunitiit des Gewebes. Experimen- 
telle Studie. Biochem, Centbl. 7:465-6. 1908. 
II, Uber den Einfluss osmotischer Vorgiinge im Medium auf das Wach: 
stum von Mikroorganismen. Oentbl. Bakt, IL 21:449-59. 1908. 
III. Uber sterilisatorische Eigenschaften osmotischer Strémungen, 
Biochem, Centbl. 8:381. 1909. 
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ceptibility the question would of course still be unsettled because 
other equally important factors may be involved. 

As may be seen from Plate III the dying of the primary cortex 
reduces greatly the living connection between. leaf and axis, and 
therefore during the time when the period of greatest cambial 
activity and active elongation merges into the maturation or ripen- 
ing stage a fungus may perhaps enter more readily at leaf-petioles 
than earlier, and possibly more readily than at any other point. 
The actual presence of the chromogenic fungus in leaf-petioles 
even before there has been an invasion of the axis indicates that 
it often enters petioles and then the axis through the traces of the 
former; for, in cases of petiole-infection, the latter were often 
found discolored, while the surrounding tissues of the axis were 
yet normal. In view of the above inoculation experiments and 
field observations, this appears a possible explanation of the 
occurrence of at least a part of the infections, although the con- 
ditions of the sap and the kind and degree of growth-tensions ex- 
isting in the shoots of the host may be of some importance. 


CHROMOGENESIS AS A DIAGNOSTIC CHARACTER- 
Esc Et. 


The striking anomalies of the earlier inoculation experiments 
were enigmatic and inexplicable in the extreme, and no explana- 
tion was afforded until much later. Similar sets of inoculations 
gave widely differing results, and sometimes results of certain 
parts of a set would differ from others although the mycelium used 
in the experiment might have been isolated from the same type of 
material and might appear the same throughout. 

In May, 1901, some wound-inoculations with cultures obtained 
from the black stromata of material collected near Marlboro, 
N. Y., during the preceding November proved negative; and a 
repetition of the experiment about two months later, using sub- 
cultures of the same mycelium, gave the same results. However, 
similar inoculations with mycelium isolated from freshly col- 
lected, dying plants proved effective in all the inoculations made, 
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and that within nine days, This seemed to indicate that mycelium 
from the older stages of the fungus is but slightly, if at all, para- 
sitic while that from dying plants is decidedly pathogenic; but 
this did not prove to be the correct explanation. 

In July of the same year mycelia obtained from pyenospores of 
recently collected material were used to inoculate five shoots of 
each of four 2. vulgare bushes and two bushes of 2. Grossularia. 
All inoculated shoots on &. vulgare plants and one on &. Grossu- 
laria were dead in ten days. The experiment was duplicated 
about a month later with subcultures from the same source. The 
percentage of dead shoots resulting was about the same as in the 
former trial, but the dead and living inoculated shoots were more 
irregularly distributed among the species of the hosts used. 

During the latter part of June, 1907, a very large series of in- 
oculations was made with mycelia obtained from the pith of 


currant stems collected earlier in the month near Milton, N. Y.— 


Mycelia + A,, -+As, and +<A.4, from the dead parts of as many 
shoots of the previous season’s growth and bearing many small 
Dothiorella stromata some of which were sporulating; and mycelia 
—A,;, —A,., —A, and +Asg, from older stems (which had also died 


during the preceding season and bore large stromata containing 


immature perithecia and some sporulating pycnidia) were each — 


used to inoculate the shoots of several different bushes. 

After three weeks all shoots wound-inoculated with + A,, +As, 
+A, and +Ag were dead, while all others appeared normal 
although slight browning of tissues had occurred in some eases. 

During the following August a similar experiment was made, 
using mycelia +A,, —A;, and —<A,, and was followed by the 
same results. This seemed again to indicate that mycelia from 
the younger stages of the fungus are strongly pathogenic; with, 
however, the striking exception of +As which was obtained from 
the pith of a stem bearing large stromata with numerous im- 
mature perithecia. These enigmatic differences obtained in 


Inoculation experiments with mycelia, apparently of the same 


fungus, were somewhat cleared up during the following winter 
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when it was found that all decidedly parasitic mycelia of series 
+A (+A;, +As, +Axy, and +-As) develop a strong purplish-pink 
color on neutral or alkaline starch-paste while the others failed to 
produce the color. In the light of all the results, it now seems 
probable that the different results were due to an actual physiolog- 
ical difference in the inoculating material employed. 

The relation between chromogenesis and pathogenicity seemed 
to afford an important means of determining the efficiency of 
mycelia isolated from blighted plants. Those of series +2A 
which had been isolated from the pith of dead shoot-tips (August, 
1907) but not used for inoculations at the time, were found also 
to be chromogenic, and later experiments proved them parasitic. 
On the other hand, the whole of series —3A, from the pith of 
stromatic stems, and series —B, —5B, and —6B, from the asco- 
spores on stems like those from which numbers 5-8 of series 
++ A. were obtained, proved nonchromogenic and also nonparasitic 
except at certain times as may be seen by comparing the results 
of inoculation experiments, especially those made on May 6, 
June 23, and July 3, 1908, June 28 and July 8, 1909, with 
those made June 27 and August 16, 1907, and August 10, 1908. 
Perhaps differences in the condition of the host caused some of 
these irregular results. From these inoculation experiments 
it may also be seen that in exceptional cases a culture of a chro- 
mogen failed to take. However, series +C and +40, which 
were made from ascospores developed on bushes that had died in 
a greenhouse as a result of inoculating them with +A, and other 
ehromogens, proved both chromogenic and parasitic. It there- 
fore seemed probable that ascospores developed from chromogenic 
mycelia also produce only chromogenic mycelia. All of series 
+25B, which was secured (May, 1908) from the pith of large, 
partially green stems bearing stromata like those giving rise to 
the latter part of series +A, except —2B,; gave the character- 
istic color on starch paste. The results of inoculation tests with 
the members of the series coincided with their color reactions. 

Sometime between May 18 and June 2, 1908, +A, lost its 
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chromogenesis and also its pathogenicity, making it appear pos- 
sible that chromogenesis and pathogenicity may be lost and per- 
haps regained in this fungus somewhat as chromogenesis is said 
to be lost and regained in certain bacteria. . However, all at- 
tempts, during three years, to induce —A;, —2Bs, and the mem- 
bers of nonchromogenie series to develop color were futile. They 
grew luxuriantly as usual on various media, and neither changes 
of temperature, of the medium, or its reaction gave unusual re- 
sults. They were grown at the minimum, optimum, and maxi- 
mum temperatures, and some subcultures, which had overgrown 
all the available surface in flasks of potato-agar and on pieces of 
currant stems, were wintered out of doors and others were kept 
in a thermostat at 37°. Neither transfers from those wintering 
outside nor from those kept at a high temperature proved chro- 
mogenic. It also seemed possible that passing a nonchromogen 
through the host might induce chromogenesis, but re-isolations 
made from a number of the bushes which had died after they 
were inoculated with the nonchromogenic form, always developed 
nonchromogenic mycelia. Nor was it found possible to cause 
chromogenic mycelia to lose that power by subjecting them to un- 
favorable growth conditions; color was always produced when 


they were regrown on alkaline starch-paste. It therefore seems 
that chromogenesis is a fixed characteristic, and that we have two — 


physiologically distinct organisms that are very similar morpho- 
logically. 


A REVIEW OF SOME LITERATURE ON CHROMOGENESIS. 


The development of nonchromogenic or colorless strains seems 
to occur quite commonly in growing Bacillus prodigiosus, espe- 
cially from degenerate or old cultures. Miss Hefferan* made 
five second-dilution, poured-plate cultures of this organism ob- 
tained from different sources; one was said to have been a color- 
less strain during at least two months preceding her acquisition 


20. M. Hefferan. A comparative and experimental study of bacilli produc- 
ing red pigment. Centbl, Bakt. IT 11:311-17, 456-75, 520-40. 1904. 
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of it. In the first test, a plate made from the white strain de 
veloped 48 white and 2 chromogenic colonies, while a plate from 
one of the chromogenic strains produced 35 white and 3 chromo- 
genic colonies. The other three strains developed only pigmented 
colonies though one of them gave a.very low count (5). Ina 
second test, fifteen days later, a plate from the nonpigmented 
strain produced 50 red and 5 white colonies, while a plate from 
the pigmented strain which gave the low count in the first test, 
produced 26 colored and 1 colorless colonies. AI] transfers made 
from red and some from white colonies gave only red colonies, but 
some white ones are said to have proved apparently constant. The 
reduction of the relative numbers of white “ sports” in such ex- 
periments are taken to indicate that “‘ the colorless variations of 
the original cultures had gained an ascendency over the red type 
through continued unfavorable conditions.” However, the re- 
Juvenating process or the frequent retransference to congenial 
media, does not always result in reducing the number of so-called 
discontinuous variations. “It sometimes occurs that an old 
culture on neutral agar which has stood in the stock case two or 
three months will give a brilliant pigment on the first transference 
to neutral agar again, while successive inoculations will seem to 
diminish the pigment production.” 

-Bacteriologists generally consider chromogenesis an easily dis- 
turbed physiological characteristic, and in view of the variety of re- 
sults recorded in the literature, it seems a justifiable conclusion. 
In fact, it is claimed by some that by growing Bacillus prodigiosus 
at 37-39° C., or on alkaline media through many generations, 
nonchromogenic forms result, some of which fail to regain chro- 
mogenesis when again grown on acid media at lower temperatures. 
Since the development of a pigment is perhaps an end-reaction 
between certain metabolic by-products and the surrounding 
medium, one should expect a more constant result when the chem- 
ical reaction and make-up of the medium, as well as the general 
environment, are fairly constant. The uselessness to an organism 
of end-reactions resulting in the accumulation of colored com- 
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pounds cannot be taken to indicate that the metabolic changes 
giving rise to the eliminated by-products which may form the 
bases: for such pigments are not essential to normal vegetation, 
any more than the catabolic changes preceding the development 
of such useless end-products as alcohol, CO., or ptomaines can be 
considered as nonessential. But when the substratum and en- 
vironment are such as to react with certain end-products in a 
certain way 1t seems unnecessary to assume that the more essen- 
tial metabolic changes preceding the end-reaction have been 
changed or affected thereby. Since the end-reactions of such pro- 
fessedly essential functions can be diverted in some organisms it 
may be that chromogenesis in a bacterial species is not as variable 
as the data cited by some authors seems to indicate. Sullivan 
concludes that ‘“‘a variety of Bb. pyocyaneus producing both 
pyocyanin and the fluorescent pigment can be made to produce 
pyocyanin alone, pyocyanin and a fluorescent pigment, or the 
fluorescent pigment alone, according to the medium upon which 
it is grown; the purely fluorescent bacteria, including the fluores- 
cent variety of Lb. pyocyaneus, cannot be made to take up the 
pyocyanin function; a variety of B. pyocyaneus producing 
pyocyanin only cannot be made to take up the fluorescent func- 
tion,” 

At any rate, the lhterature of chromogenesis among the fungi 
proper does not seem to support the idea that it is an unreliable 
characteristic when the environment does not vary beyond certain 
limits or critical points, as may be seen from some typical cases 
recorded in mycological literature. 

According to Constantin Hurotiopsis Gayon” develops a strong 
red color on starch paste or grape juice but grows poorly and with- 
out chromogenesis on potato. Later Laborde** concluded that it 
generates its typical red color on media with only a slightly acid, 
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neutral, or alkaline reaction containing carbohydrate, or a protein 
like casein, but that no color is produced in strongly acid media. 

Milburn™ found that Hypocrea rufa grown on certain media, 
having an acid reaction, developed green colored spores, but when 
the media were made alkaline yellow spores were produced. Since 
some adverse environmental factors inhibit sporulation the influ- 
ence on chromogenesis was not determined. However, it was 
shown that colorless spores may be obtained by using media with 
a high osmotic pressure, and that changes in temperature seemed 
to have no relation to the color of the resulting pigment. He also 
found that an Aspergillus niger, which appeared as a contamina- 
tion in other cultures, produced its characteristic yellow color on 
various acid media independently of other environmental factors ; 
and he verified in part Laurent in showing that Bacillus ruber 
balticus develops an orange-red pigment on alkaline, a reddish- 
violet on acid, and a brick-red on neutral media. The color 
of the pigment developed was found to depend more funda- 
mentally upon temperature than on the initial reaction of media, 
because, as also Laurent formerly observed, Bacillus ruber balti- 
cus induces the formation of acid in media at temperatures above 
20°C. in which alkalis are developed at lower temperatures. 

Doebelt” observed that Penicillvum africanum produces a typi- 
eal red color when grown on either liquid or solid media contain- 
ing sugars or starches as a source of carbon, and that the color 
becomes stronger or darker red when asparagin or peptone is used 
with it. But on neutralized or alkaline media no color was pro- 
duced until an acid reaction had been developed by the growing 
fungus. The color was produced both in the dark and in strong 
light, but the optimum temperature for growth was found to be 
above that for chromogenesis. 

From extensive cultural work on his Neocosmospora vasinfecta 
Smith?® concludes that on neutral or acid media containing starch 
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various shades of red and violet colors are produced, and that 
alkali inhibits their formation. In using what may have been 
the same fungus, Bessey” extended these findings by showing that 
various sugars, some of the higher alcohols, as well as a number 
of organic acids, when used as the sources of carbon with Knop’s 
solution, resulted in the production of the red color; i. e., these 
various carbon sources supplied in an acid medium led to color 
formation. The light and temperature relations seemed to have 
been the same for growth and chromogenesis. The thought is ex- 
pressed by Bessey that further investigations into the chromo- 
genesis of the fungi would doubtless lead to the separation of these 
organisms into groups as distinguished by their reactions to en- 
vironmental factors. Thom’s work on the genus Penicillium 
affords a good illustration of the successful application of physio- 
logical characteristics in the determination and description of 
species. He found that the chromogenic species which were thor- 
oughly tested always gave the same definite color reactions under 
certain culture conditions. 


A POSSIBLE RELATION OF THE SPECIES AND ITS FORM. 


This array of facts regarding the definiteness of color reactions 
among fungi does not explain the change which apparently oe- 
curred in a sub-culture of A, nor how the whole or parts of culture 
series, isolated from blighted Ribes plants produce the color and 
others do not; but it rather makes one wonder whether it is really 
necessary to assume that we have here an example of a fungus 
which mysteriously changes from a chromogen to a nonchromogen 
in culture. At least a plausible explanation of this riddle is sug- 
gested by the following experiment. 

On December 8, 1910, the chromogens +7B;, +C, and +7Ci, 
and the nonchromogens —Bb, —5B,, and —6B; were transferred 
to flasks of alkaline starch-paste, placing a transfer of a chromo- 
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28. C. Thom. Cultural studies of species of Penicillium. U.S. Dept. Agrl. 
Bur. Am, Ind. Bul. 118:1—-107. 1910. 
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gen and one of a nonchromogen into each flask grouped as indi- 
cated in row 1 of the diagram below. Six days afterwards the 
mycelia of the two transfers in each flask had met and intermin- 
gled more or less, as indicated by the dotted lines. <A transfer 
was then made to a tube of potato-agar from the region of each 
flask where the mycelia intermingled. On December 16, after 
the slants had been practically uniformly covered by fungous 
growth, G. T. French of the Botanical Department in this Station 
kindly made transfers from them to fresh tubes. Late the follow- 
ing day three transfers were made from each of the fresh tubes to 


Fig. 1.— DrIaAGRAMMATIC REP- 
RESENTATION OF AN EXPERIMENT 
To ILLUSTRATE PossIBLE ASSOCI- 
ATION AND SEPARATION OF Botry- 
OSPHARIA RIBIS AND ITS FORM. 


1. Flasks of starch paste to 
which transfers were made at 
points indicated by labels. Broken 
lines show meeting points of 
mycelia. 

2. Potato-agar tubes, with 
locations of transfers indicated 
by arrows. 

3. Similar tubes to which 
transfers from tubes in 2 were 
made by a disinterested person. 

4. Starch-paste flasks, with 
locations of transfers from tubes 
in 3 indicated by arrows. 

5. Reactions of transfers taken 
a ‘4 vs Ve 3 from indicated regions in 4 and 

tye tested in other flasks of alka- 
line starch-paste. 


as many flasks of alkaline starch-paste. On December 20, the 
flasks seemed to be of three types as regards the reaction that had 
occurred in them; some flasks seémed to contain the chromogen 
pure, others nonchromogens pure, and some a mixture of both types 
of mycelia, as indicated by the reactions with the substratum. 
Several transfers were made from the flasks apparently contain- 
ing but one of the component mycelia, as well as from the differ- 
ent regions of the mixed flasks, to another series of starch-paste 
flasks. The result was that apparently pure cultures of chromo- 
gens were secured from several flasks, as shown in 5 of the diagram. 

That this may be a correct explanation of the confusion is in- 
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dicated by an examination of the data on the origin and record 
ot the different culture series. Although several hundred original 
cultures were made from both the pith and the Macrophoma 
spores of recently infected young shoots and from infected leat- 
petioles, every one of them proved chromogenic on starch paste. 
Out ot the large numbers of isolations made from the pith of such 
shoots as had been infected during the preceding season (and at 
the time of making the cultures had died down only 2-5 dm.) 
only one culture of one series proved nonchromogenic (—2B;). 
On the other hand some of both spore and tissue transfers from 
Ribes stems which had died to the ground or nearly so, and which 
bore the large stromata, proved chromogenic and others nonchrom- 
ogenic. It often happens that large fruiting stems or primary 
branches of a currant bush wilt rather suddenly during midsum- 
mez, due to an invasion by the chromogenic fungus from a branch, 
whose tip it had infected during the preceding season, or 
from a small spur which had been previously infected. Now, 
it seems probable that the nonchromogen also enters such 
dying stems and that the mycelia of the two fungi meet and to 
some extent intermingle in their tissues, and therefore both may 
be present in such tissue transfers. Continued retransferring of 
such cultures may lead to the separation of the component 
mycelia. The fact that the one of the old, original stock cultures 
of +A,, which had been stored in June, 1907, with a portion of 
the currant stem from the pith of which it had been obtained, 
proved chromogenic upon direct transfer of a portion of the dried 
remains to starch paste also supports the conclusion indicated in 
the above experiment. Some additional circumstantial evidence 
is that about two months after digging, practically every stem of 
large piles of currant bushes resulting from uprooting the whole 
of a badly diseased plantation during late summer, bore large 
stromata of the nonchromogenic fungus which produced abundant 
spores during the following June and July. All but compara- 
tively few of the numerous tests made from these piles indicated 
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the presence of the nonchromogenic fungus. Culture series —5B 
and —6B originated from such ascospores. It appears therefore 
that we have here two physiologically distinct fungi which prob- 
ably do not change as regards this distinguishing reaction, al- 
though they seem to constitute but one morphological species. 


TECHNICAL DESCRIPTION OF BOTRYOSPHAERIA 
RIBIS AND OF ITS FORM. 


Generic position—This is a fungus of the type figured and 
described by the Tulasne Brothers as Dothidea melanops,” later 
made the type species of the new genus Mretanops by Nitschke.*° 
In 1863 de Cesati and de Notaris®' founded the genus Borry- 
OSPHZRIA in which forms lke D. melanops were included, like- 
wise: some phragmosporic forms. It is claimed, however, that 
since Gibberella pulicaris (Fries) Sacec. may have been taken as 
the type species of Botryospheria, Nitschke’s Melanops® should 
be used for forms like the original Dothidea melanops Tul. How- 
ever, Saccardo redefined the limits of the genus Botryospheria”® 
by excluding the forms which develop septate spores. Even 
though the generic name Melanops may eventually replace 
Botryospheria for fungi of this type, because apparently the type 
species of the latter was subsequently transferred to Gibberella, 
it seems unnecessary to revive an unused name for the isolated 
case involved in this investigation. 

Specific relationships.— It seems possible that the Dothiorella 
form of this fungus has sometimes been confused with Dothiorella 
Ribis (Fuckel) Sace.,°* because the form and size of the spores 
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are the same and also because the latter has been assigned a wide 
range of hosts. But, since Dothiorella Ribis (Fuckel) Sace. is 
said to be a pyenidial form of Daporthe Strumella (Fries) 
Fuckel they cannot be identical. Dothiorella ribicola Ellis and 
Barth. also has some points in common with the fungus under con- 
sideration in this paper, but the differences are more important. 
The stromata, pycnidia, and spores of the former are smaller, and 
its spores are guttulate; the minimal measurements of pycnidia 
and spores of the latter usually exceed the maximal of those of the 
former; and, besides, the spores of Dothiorella ribicola are 2—4 
guttulate while the others are nonguttulate. 


SPORE FORMS. 


Various fungi were sometimes found on dead stems of blighted 
currant bushes. In fact, during the early part of this investiga- 
tion cultures were made from the dark-brown spores of a 
Spheeropsis-like fungus found on such stems because it appeared 
to be a possible spore-form of the blight fungus; however, inocu- 
lation experiments made in May, 1901, were entirely negative, 
and observations during the past four years make it evident that 


that Haplosporella, like many other Ribes fungi, is only at times 


an accidental associate of the bight fungus. But the only spore- 
forms always found on blighted bushes and most commonly ex- 
clusive ot all others, and the only spore-forms produced on bushes 
killed by inoculation were a Dothiorella-form which was usually 
associated with or followed by an ascigerous-form in the same 
stromata, and a Macrophoma-form which was only developed on 
shoots invaded or infected while yet somewhat succulent. 

The ascogenous form.— The stromata are black and more or 
less pulvinate. The outer surface is botryose, resulting from ex- 
truding perithecia. The stromata are 1-4 mm. in diameter, usually 
2—3 mm. and surrounded by the fissured periderm. They are ir- 
regularly scattered and rupture the periderm transversely, or ar- 
ranged in more or less definite, longitudinal rows which sometimes 
appear as single, much elongated stromata. When occurring near 
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the ground, on the basal parts of large stems, the irregularly dis- 
posed stromata are often in rather thin, confluent groups. 

The perithecia are somewhat top-shaped, with papillate ostiola, 
and they usually project to the extent of about one-third of the 
height above the surface of the stromata, although sometimes they 
may be practically superficial or only the ostiola may emerge. 
The perithecia are few to many (mostly) in a stroma and usually 
interspersed among pycnidia. Sometimes they occur alone or 
again with what appear to be old pyenidial cavities in the deeper 
layers. The perithecia measure 175-250 v4 in width. The asci 
are clavate, measure 80-120 x 17-20 v , and interspersed among 
them are numerous filiform paraphyses. ‘The spores are fusoid, 
continuous, hyaline, nonguttulate except sometimes in old weath- 
ered material, and measure 16—23 x 5-7 +, 

The stylosporie: forms.— (1) The pyenidia of the compound 
stylosporic form are borne in the same stromata, or stromata sim- 
ilar to the ones bearing the perithecia, and they are usually of 
the same size, although frequently when interspersed with 
perithecia some may be more than twice that size. The ordinary 
pycnidia usually protrude more or less and give the stromata a 
botryose appearance, but the large ones are commonly wholly im- 
mersed, and have pore-like ostiola. The spores are fusoid, non- 
guttulate, continuous, hyaline, and measure 18-31 x 4.5-8+4. 
(2) The pyenidia of the simple stylosporic form are imbedded in 
the outer bark under the much-raised primary cortex of young 
shoots. They are depressed globular 175-250 wide, and 
usually puncture the primary cortex with papillate ostiola. 
The spores are fusoid, nonguttulate, hyaline, continuous, and 
measure 16-25 x 4.5-7.5 pv. 

Physiological and cultural characteristics.— The mycelia of all 
the above spore-forms of B. Ribis grow readily on most solid 
media but only on a few liquid media, produce a strong purplish- 
pink color on neutral or alkaline starch-paste, when grown in day- 
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light; and are parasitic on cultivated varieties of Ribes vulgare, 
L. mgrum and &. Grossularia. 


BOTRYOSPHAZRIA RIBIS FORMA ACHROMOGENA, 


Morphological characteristics— The morphology of the form 


resembles that of the species except that its stromata are often . 


more pulvinate and that no authentic Macrophoma-form has been 
found connected with it. 

Physiological and cultural characteristics.— The cultural char- 
acteristics are the same as that of the species as far as studied ex- 
cept that no purplish-pink color is developed on starch paste, and 
that it is primarily saprophytic; for it takes but rarely when 
wound-inoculated into Ribes vulgare, although the fruiting-bodies 
are commonly present on dead stems of that species. 


Notr.—All of the spore-forms will be issued next autumn in 
Century 35 of Bartholomew’s fungi Columbian. 


SOME DEDUCTIONS FROM THIS INVESTIGATION 
BEARING ON THE CONTROL OF BOTYOSPHAGRI* 
BLIGHT. 


The general practice among currant-growers is to do their prun- 


ing during the winter months, and many of them spray once in 
May with a combination fungicidal and insecticidal spray. How- 
ever, since Botryospheria blight is prevalent and destructive in 
plantations given that treatment it is patent that there is some- 
thing wrong with the practice. 

Observations in blighted plantations in the Hudson Valley, 
about Rochester, N. Y., as well as in the experimental patch at 


Geneva show that the causal fungus produces its second type of - 


pycnospores (Dothiorella type) on blighted stems in late May 
and June, and that they are most numerous during late June and 


early July; while the early ascospores usually mature in late June 


but are most abundant during the middle of July. It was also 
found that infections occur only during the time these spores are 
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present in large numbers and that the number of infections tak- 
ing place seemed to be proportional to the amount of infectious 
material in or near a plantation; and also that a beetle which eats 
the sporulating stromata of the fungus and whose larva is a borer 
in currant stems of blighted plantations, is present during the in- 
fection period and may be a factor in the dissemination and in- 
oculation of the fungus. The bark of younger currant stems is 
covered more or less completely by disintegrating primary cortex, 
and. therefore discolored, dead stretches and areas of bark result- 
ing from late infections are not evident after the plants are 
defoliated. . 

Now, in view of the observations summarized above, it appears 
that at least a decided advance may be made in the control of this 
disease by slightly modifying the present pruning practice. In- 
stead of doing it in winter while much of the infected material is 
not apparent, the pruning could perhaps more profitably be done 
during the month of May, when absence of leaves marks many of 
even the obscure infections. Again, in place of carelessly collecting 
the prunings and piling them along roads and fences where they 
are often left throughout the following summer, they should be 
carefully collected and burned before the end of May, so as to 
destroy both the fungus and the pupating mycophagous beetle 
which is present in many of the stromatic stems and usually 
emerges after the middle of May. 

During the summer of 1909 the time and intervals of spraying 
the four-row plats of a blight-free plantation in the Hudson 
Valley (which is used by the Station to test the efficiency of Bor- 
deaux mixture for controlling the various fungus diseases of cur- 
rants) were changed so that they might test the view developed 
from the observations on the time of occurrence of Botryospheria 
infection. Although comparatively few infections occurred in 
the whole plantation their distribution was evidently not deter- 
mined by the presence or absence of spray-mixture for the largest 
number of infections happened to take place in plats sprayed two 
and three times while two of the check-plats showed no infection. 
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CONCLUSION. 

Usually several fungi are more or less apparent in blghted 
plantations but as a result of this investigation it has become 
evident that Botryospheria fibis is the cause of the bight and 
that Nectria cinnibarma, a Haplosporella, and several other fungi 
are only saprophytes, or at least only of secondary importance. 
Inoculation experiments not only proved the last-mentioned forms 
saprophytic but also that the former species is made up of a vara- 
siti¢ species proper and of a saprophytic form which resembles it 
morphologically. 

It was found that by growing the two in daylight on alkaline 
starch-paste b. Libis is ditferentiated from its form and also from 
the other saphrophytic fungi commonly present in blighted plan- 
tations, because it alone develops a bright purplish-pink color. 

Chromogenesis seems to have a very high diagnostic value when 
the ¢nitial reaction of a suitable medium is such as the organism 
requires to develop its color. In that way the organism to be tested 
need not first develop the required reaction of the medium by 
vigorous vegetation but it is provided at the outset, so that if the 
organism vegetates at all the color will appear. 

Since L. Libis failed to sporulate in ordinary culture media, 
yet seemed to produce three spore-forms on the host, various types 
of culture-vessels and media were employed in an endeavor to 
find the relations of the spore-forms one to the other, but without 
success. Portions of the host bearing the simpler spore-forms — 
were subjected to many differing environments in the hope of 
securing at least circumstantial evidence of their relation, but | 
with only partial success. However, since the numerous currant 
bushes which died following inoculation with mycelia obtained 
from the three types of spores all developed the same spores and in 
the same order as they occurred in blighted plantations, it seems. 
evident that they are spores of the same fungus. . 

The Dothiorella-type of spores and the ascospores are most 
abundant during June and July in botryose stromata borne on 
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stems which blighted during the preceding season. Infections 
occur most commonly during the latter part of June and July; 
but the Macrophoma-type of spores develop only on the young 
succulent shoots soon after they are killed by direct infection 
or invasion. 7 

Since no infections were found to occur until the last days of 
June and early July, although large quantities of viable spores are 
present in early June and some were shown (by means of the 
starch test) to have been distributed on leaves and young shoots 
at the time, it seems possible that the seasonal stage reached 
by the host about the first of July may facilitate infection. From 
the numerous inoculations attempted at various times with the 
different spore-forms without wounding the host it seems that the 
highest percentage of infection (though that was usually very low) 
resulted during the same seasonal stage of the host. Possibly the ~ 
changes occurring in the host during the transition from active 
elongation-growth to the stage of maturation about the first of July 
are favorable to infection; but the only evident advantage seems to 
consist in the dying of the primary cortex, thus exposing the 
basal ends of petioles to infection. However, since most infec- 
tions apparently take place at the petioles, that may be of some 
importance. 

The manner of spore-dissemination was not determined, but it 
seems that the exuded spores may be distributed by the wind, and 
that small beetles (Psenocerus supernotatus) which eat large 
quantities of the sporulating Botryospheria stromata during 
late May, June and early July may be instrumental not 
not only in their dissemination, but also in inoculating the host, 
for since the Psenocerus larvee are borers in currant stems, the 
mycophagous imagines of necessity oviposit on those stems. 

That the blight caused by Botryosphwria Ribis may be reduced 
or controlled by pruning blighted plantations in May and burn- 
ing the prunings before the end of the month, seems deducible 
from the life history of the fungus and the seasonal history of 
the disease and host. 
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The smaller stylosporic stromata of B. Ribis res 
Dothioretla ribicola Ellis and Barth., but the pye 
--former are larger and its spores are nonguttulate + 
of greater size, while the spores of the latter are 2-4 
However, the stylosporic stromata, pycnidia, and spo es a 
parently much like those of Dothiorella Ribis (Fuckel) § 
the latter is said to belong to Diaporthe Strumella. 
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